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Content if hencQ th' nnleam'd their wants may view, 
The leam'd reflect on what before they knew. — PoPB. 

The following pages, written in the spare hours of a 
busy life, attempt to give an account of the rise and 
progress of what is now in this country an important 
branch of engineering. Although wood is employed in 
the constructive arts more largely than any other sub- 
stance, its conversion by machineiy is of comparatively 
modem origin, and therefore veiy few books or treatises 
have been written on the subject. The aim of the 
Author has been to combine, as far as possible, the his- 
torical with the practical. In the first portion of the 
book, in addition to notes on design and construction, 
the names of the chief inventors and pioneers in wood- 
working machinery will be found; the latter part of 
the work is devoted entirely to practical and technical 
details. 

The illustrations are confined to the designs of 
English, French, and American engineers, the ma- 
chines constructed by other nations being, as a rule, 
based on these models. 

a 



Ti PREFACE. 

The adaptation of maclimery to common uses is^ 
without doubt, increasingly necessary to the commer- 
cial prosperity and progress of a nation, and has been 
exemplified by the success of American competition in 
some branches of manufacture. This can in a measure 
be accounted for by the low patent fees and high rates 
of wages in vogue in that country, thus encouraging 
inventors to perfect the smallest details in their machine 
construction which tend either to lessen the cost of pro- 
duction, improve the quality, or increase the range of 
the work performed. The saving thus eflfected may, in 
a day, be infinitesimal, but when multiplied by months 
or years it assumes a gigantic total. This points, 
the Author takes it, to the urgent necessity of assimi- 
lating our own patent rates — which bear heavily on the 
brain power of the nation — to those of other countries. 
From a somewhat extended practical experience of the 
subject treated on, the Author trusts that what he has 
written may afiPbrd some fresh information, and prove 
of service to the engineer and student. In that case 
his end will have been attained. 
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CHAPTER I. 

INTEODXJCTOBT. 

Wood in its various forms enters, perhaps, more largely 
than any other substance into the industry of the 
nation, and its economical and rapid conversion from 
forest trees into articles of general utility cannot be 
but one of paramount importance. I can scarcely help 
thinking that sufficient interest has hardly been given 
by scientific men to this very important branch of en- 
gineering, whilst, on the other hand, improvements in 
the munitions of war, for instance, have been carried 
to the highest degree of perfection. When we come 
to consider the endless uses — in shipbuilding, railway 
carriage works, coachbuilding, joinery works, builders' 
establishments, &c. — ^that wood in its varied forms is 
put to, the importance of the subject will, perhaps, 
more readily strike us. Wood converaion by machinery 
has doubtless during the last twenty years made gigan- 
tic strides, but still there remains ample scope for 
further progress in this direction. The chief hard 
woods used in this country are oak, ash, mahogauy, 
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2 WOOD-WORKING MACHINERY. 

teak, and elm; and of the resinous woods, red pine 
from Norway, Sweden, and Biissia ; Memel, Dantzig, 
and Biga fir, from Bussia and Prussia ; yellow pine, 
pitch pine, and cedar. Other ornamental^ woods are, 
however, largely used for decorative purposes. Al- 
though one of the most important branches of en- 
gineering, wood-working machinery is one of the most 
modem ; there is no doubt, however, that the conver- 
sion of wood by means of saws, axes, &c., was known 
some thousands of years back, and is spoken of in 
ancient Egyptian, Grecian, and Hebrew history; but 
very few records are left us concerning their origin in 
this country. We must turn to the eighteenth century 
for any accurate information as to absolute machiThery, 
in the true sense, of the word, although, doubtless, ap- 
paratuses of diflPerent kinds were in use to facilitate 
hand labour before this date. 

First and foremost among the pioneers of wood- 
working machinery must be placed Sir Samuel Bentham, 
whose patents in the years 1791 and 1793 are truly 
remarkable examples of inventive genius, and fully 
illustrate the old adage, * There is nothing new under 
the sun.^ In these specifications the principles in- 
volved in many of the most important machines at 
present in use are claimed, and set forth in the clearest 
and tersest manner, affording a wonderful illustration of 
how a patent could be drawn in those days. The fol- 
lowing may be named as some of the inventions included 
in this remarkable specification: — Planing machines 
with rotary cutters, to cut on several sides of the wood at 
once I veneer cutting machine, horizontal stone saws, 
moulding and recessing machine, bevel sawing machine, 
saw-sharpening machine, tenon-cutting by means of 
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circular saws, and many kinds of rotary and boring 
tools. Many of the principles set forth in Bentham's 
specifications have been the subjects of a number of 
patents during the present century, or, I may say, 
during the last few years, but it is my opinion that 
several of these patents diflPer very little indeed except 
in matter of detail from Bentham's ideas in 1793. I 
do not intend here to enter further into the early 
history of wood-working machinery, as the data at my 
disposal are both scant and somewhat unreliable, but I 
purpose, when considering the different classes of ma- 
chines, to add such notes of their origin as I may 
consider instructive and interesting. It is my inten- 
tion to confine myself in these pages chiefly to my 
experience of English practice, illustrating the same 
with woodcuts of some of the latest examples of the 
most eminent makers, and explaining them as concisely 
and, I trusty as practically^ as possible. I shall, how- 
ever, as occasion may arise, touch on American and 
Continental makes when of interest. 

Till within the last thirty years, wood-working 
machinery in this country must be considered to have 
been in a very crude state, but of late great impetus 
has been given to it by the constant battles between 
capital and labour. The great cost and, in some cases, 
the inferior quality of work turned out by hand, have 
rendered the increasing introduction of labour-saving 
machinery absolutely necessary, to keep pace with the 
general progress of the times. The introduction of 
this class of machinery has not, however, lessened, 
but rather raised, the wages of skilled artisans, as 
it is found the cheaper production creates the greater 
demand. 

B 2 
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CHAPTER II. 

GIBGULAB SAW BENCHES. 

With the exception, perhaps, of the wedge and the axe, 
the saw can lay claim to being the most ancient instru- 
ment for the conversion of wood, and it is certainly 
by far the most important. Its earliest history, how- 
ever, from the lapse of ages, is involved in obscurity. 
Representations of saws are said to have been discovered 
on some of the most ancient of Egyptian monuments. 
This, taken in connection with the many times the saw 
is mentioned in Holy Scripture and other ancient his- 
tories, seems to conclusively prove that the saw was 
known many thousands of years ago. What it was 
constructed of, however, there are no records to show. 
Ancient Grecian historians variously ascribe its inven- 
tion to Daedalus, Perdix, and Talus,^ and the inventor, 
whoever he was, was inscribed in their mythology, with 
a place in which, among their gods, they honoured the 
greatest benefactors of the earliest ages. Talus is said 
to have formed his first saw from the jaw-bone of a 
snake. Perdix, we are told, used the backbone of a 
fish for a like purpose. The saws of the Grecian car- 
penters had a similar form to ours in use at present, as 
shown by a painting still preserved among the anti- 

^ See Beckmann's History of Invention, 
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quities of Herculaneum. Two genii are represented 
at the end of a bench ; the piece of wood which is to 
be sawn through is secured by cramps. The saw with 
which the genii are at work has a perfect resemblance 
to our frame saw. It consists. of a square frame, having 
in the middle a blade, the teeth of which stand perpen- 
dicular to the plane of the frame. The arms in which 
the blade is fastened have a similiar form to those we 
now use. 

It is recorded that saw mills driven by water or 
wind were erected in Germany as early as the fourteenth 
century; this is, however, very much open to doubt. 
Stetten says in his work (* Kunst- und Handwerks- 
Geschichte der Stadt Augsburg,* 1779) that saw mills 
were erected near Augsburg in the year 1337; but 
what the machinery consisted of, or by what means it 
was driven, there is nothing to show. It is also re- 
corded that saw mills were in existence at the following 
places at the dates named: — Breslau, 1427; Holstein, 
1545; Lyons, 1555; Batisbon, 1575; and in Norway 
in the year 1530. The first mill erected in Holland 
was at Saardam in 1596, and in Sweden about 1653. 

The first saw mill in England of which we have any 
record was erected by a Dutchman near London about 
the year 1663, but was the occasion of so much riot that 
it had to be abandoned. This was also the case with a 
mill erected by one James Stansfield in 1768, as it was 
torn to pieces by the mob. Wind was the motive power 
used by Stansfield, and it seems that he and others, 
aided by the Government, erected mills in various parts 
of the country about this time, which were allowed by 
the populace to continue working. The straight saw 
or mill web was doubtless in use many years in Holland 
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and Germany before the circular saw was known. The 
circular saw is said to have originated in Holland in 
the sixteenth or seventeenth century, but there is 
nothing to show who was the inventor. One of the 
earliest records of its use in this country is contained 
in the patent specification of Samuel Miller, of South- 
ampton, granted in the year 1777, in which he claims 

* an entirely new machine for more expeditiously sawing 
all kinds of wood, stone, and ivory ; and the saws used 
are of a circular figure.^ The motive power employed 
was a horizontal windmill. He also claimed an ar- 
rangement for bringing the timber up to the saws 
when in motion ; in point of fact, it may be considered 
our present rack saw-bench in embryo. Bentham, in 
his specification of 1793, claims also various improve- 
ments in sawing machines, including crown saws, 
taper gauge, grooving table, adjustment of saws in 
benches, &c. 

In the year 1805, Brunei took out a patent for 

* improvements in machinery for sawing timber,* with 
arrangements for veneer cutting, &c. ; he also about 
this time fitted up the Government dockyard at Ports- 
mouth with sawing machinery, including both recipro- 
cating and circular saws. It was considered at that 
day the most complete machinery in the country. We 
have before us an engraving of one of these machines, 
especially adapted for preparing the rough timber for 
block-making ; the elm trees of which the blocks were 
formed were -cut into proper lengths by two cross- 
cutting saws, one of which is a reciprocating and the 
other a circular saw. This combination of straight and 
circular saws for this special work would not do dis- 
credit to a designer even of the present day. Of course 
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some of its details appear to us somewhat crude ; but, 
as showing early eflforts in introducing wood-working 
machinery into this country, I think it of suflScient 
general interest to append herewith a short general 
description : — 

*The tree subjected to the action of the cross- 
cutting reciprocating saw is placed on a long frame or 
bench, raised a little above the floor, on the end of 
which is a frame composed of vertical posts and a cross- 
beam. Through this frame the end of the tree is 
drawn, by a capstan working in the middle of the room 
upon a vertical shaft, turned by a steam engine. The 
end of the timber projects as much beyond the front of 
the frame as the part intended to be cut off, and is 
fastened from rolling sideways by a lever, which presses 
upon it and holds it down. The saw is a straight blade, 
fixed into a wooden handle at each end to lengthen it. 
One of these handles is connected by a joint to the 
upper end of a lever, bent at right angles and having 
the centre beneath the floor. The horizontal arm of 
the lever is connected by a spear rod with the crank on 
the end of a spindle near the ceiling of the room, the 
motion of which is regulated by a fly wheel. By this 
means the saw has a reciprocating motion from right 
to left nearly in a horizontal position, and exactly 
across the log that is to be cut, resembling in its action 
the carpenter's hand saw. The teeth of the saw are, of 
course, on the lower side of the blade, and it acts en- 
tirely by its own weight. The machine, being at rest, 
is prepared for work by fixing the log in the frame by 
the lever, so that the surface of the frame intersects 
the log at the place it is intended to be cross-cut. The 
saw, which was before lifted up by its handle to be 
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clear of the log, is now suflFered to rest upon it in the 
place where the cut is to be made ; and to guide it in 
first setting-in, the back of the saw is received in a 
saw kerf, made in the end of a piece of board, which is 
attached to the frame over the saw, but slides up and 
down, to reach it at any height, according to the thick- 
ness of the log. The machinery is then put in gear, 
which causes the saw to reciprocate horizontally across 
the tree, and thus by its own weight cuts it through. 
As the saw gets into the tree, it quits the guide above 
mentioned, which becomes less necessary as the saw 
goes deeper, a saw having no tendency to alter its 
course when cutting across the grain. 

* The circular cross-cutting saw, which is employed 
for the same purpose, is more novel in its construction. 
The spindle is so mounted as to move in any direction 
parallel to itself, the saw continuing in the same plane. 
By this means it can be applied to any part, so that it 
Avill divide trees much larger than could otherwise be 
done by it. It is more expeditious and accurate in its 
performance than the one above described, for which 
reason the preference is always given to it in all cases 
where the size of the tree is not too great for its appli- 
cation.' 

What is now known as the Atnerican rack bench 
is really of English origin. In the year 1824 letters 
patent were granted to Messrs. Sayner and Greenwood 
for * improvements in sawing machinery,' the chief of 
which was the use of two circular saws of small dia- 
meter placed one above the other, but with their peri- 
pheries revolving in the same line, in lieu of one saw 
of large diameter for breaking down heavy timber. 
The timber rested upon horizontal rollers, and was 
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guided to the saw by vertical rollers. The feed was 
given to the log by means of a grooved feed roller, 
acted on by a .pressure roller and weighted lever. They 
also claimed the use of several circular saws on one 
spindle, divided by suitable collars for converting 
timber into planks, with other saws placed on vertical 
spindles, and working horizontally for cutting the planks 
into scantlings at the same time. A third improvement 
consisted in cramping a series of circular saws closely 
together, and using them for reducing dye woods to 
powder, instead of the usual method of rasping or 
chipping. In the same year (1824) Mr. Robert East- 
man, of Brunswick, Maine, U.S.A., patented some im- 
provements in the construction of circular saws. These 
consisted chiefly in the introduction of a limited 
number of ^ sectional ' or * false ' teeth. Instead of a 
series all round the periphery of the plate, as is usual 
in ordinary circular saws, four cutting sections of two 
teeth are placed at equal distances on the periphery of 
the plate, and projecting from it. In addition to these 
teeth, cutters were fixed on the saw plate nearer to the 
centre, and were arranged for surfacing up the plank 
after it was cut. One of the novelties of this patent 
was the method employed for converting the log into 
boards, as the plan pursued was to cut from the cir- 
cumference or exterior of the tree towards the centre, 
and not right through the tree, as is usually the case. 
In favour of this method it was urged that planks, 
staves for casks, &c., cut in this manner possessed 
more durability, strength, and elasticity than those cut 
in the ordinary way. The log to be operated on was 
made to revolve between iron centres, which it did 
after each succeeding cut of the saw, thus bringing the 
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whole circumference of the log under its action. The 
saw spindle or shaft was made of cast iron, and ran 
upon friction rollers, supported by stands on the floor. 
The whole of the movements of the machine were self- 
acting, and a series of feather-edged boards of uniform 
thickness were cut all round the log, having their thin- 
edged sides attached to the centre piece ; the log being 
big enough, a second series of boards could be cut in a 
like manner. The teeth employed were in the form of 
a hawk's bill, and the inventor claimed that the eight 
teeth used were driven with one-quarter the power than 
with an ordinary circular saw. This statement we can- 
not in any way agree to, and whatever was gained in 
the shape of power was more than lost by the excessive 
waste. The whole arrangement of the machine, how- 
ever, reflects the greatest credit on its designer. The 
rate at which the saw was speeded to run was from ten 
to twelve hundred revolutions per minute. 

Small circular saws for cutting the teeth of watch 
and clock wheels are reported to have been in 
use in the time of Dr. Hook. Letters patent were 
granted to Maudslay for * improvements in mounting 
and lubricating circular saws ' early in this century ; 
also to one Charles Hammond, of London, for * im- 
provements in sawing and planing wood;' but from, 
say, the year 1810 to 1835 this branch of engineering 
appears to have remained almost at a standstill in 
England. Even America, with little or no iron and 
less general resources, made far greater progress than 
ourselves, a number of patents being taken out for 
inventions and improvements in curvilinear sawing for 
ships' timbers, mitre-cutting saws, barrel saws, &c., of 
which little or nothing was known in this country. 
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However, about the year 1836 Mr. John McDowall, 
of the Walkinshaw Foundry, Johnstone, near Glasgow, 
came prominently forward with some most ingenious 
novelties and improvements in sawing and planing 
machinery ; previously, however, to 1836 he had erected 
several planing and other njachines, in Manchester and 
elsewhere. These planing machines were made from 
the designs of Mr. Malcolm Muir, of Glasgow, to whom 
a patent was granted in the year 1827. We shall take 
occasion to notice them elsewhere. Some years later 
Mr. McDowall patented a high-speed tension sawing 
machine, and he also invented and erected a number of 
cross-cutting and other machines for the Government 
at Woolwich Arsenal. One of these, a traversing 
cross-cut circular saw bench, possesses such novel 
driving and other arrangements that I think it fully 
deserving of further notice, if space permitted. The 
saw itself was about 7 feet in diameter, the largest yet 
made from one solid piece of cast steel; The driving 
gear was a great novelty, the saw spindle being totally 
unconnected with the actuating power ; the motion was 
communicated to the saw through two frictional cones 
of buff leather embracing the saw on either side, and 
running at a high speed. With this arrangement, the 
whole of the saw up to the cones was available for 
cutting, there being no pulleys in the way of the timber, 
as there are when saws for cross-cutting are driven in 
the usual way. The saw ran at 300 revolutions per 
minute, and by a very ingenious arrangement could be 
made to travel the whole length of the mill, some 70 
feet; and being placed below the ground could also 
be raised above or depressed below the floor line at 
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pleasure. In fact, the whole machine did infinite credit 
to its designer. 

In connection with improvements in circular saw 
benches a patent was secured by Orlando Child, of 
Granville, Ohio, U.S.A., in the year 1850. He claimed 
chiefly the introduction into heavy saw benches of a 
spring attached to the frame, to prevent the end play 
of the saw spindle at the same time yielding to any 
great pressure from the springing of the log, and thus 
preventing any undue friction, and doing away also 
with the collars usually employed for preventing the 
end play of the spindle. In addition to the ordinary 
circular saw employed, he also mounted a second above 
it in a swinging frame, which could be set at any point 
forming part of a circle struck from the main saw 
spindle, and could operate with the main saw in cut- 
ting through a log at any angle desired. 

A few years previous to our International Exhibition 
of 1851, Mr. Coulson, of York, England, introduced 
into this country various American ideas. Mr. William 
Furness, of Liverpool, also manufactured and patented 
a number of machines, from American models. A few 
years further on, Mr. Samuel Worssam, of London, 
brought out several machines, including a very com- 
plete deal frame, with improved silent feed, for which 
a patent was secured by him. At the Exhibition of 
1651 a number of American wooden-framed machines 
were exhibited, which seems to have opened the eyes 
of some of our engineers, as from this date the progress 
and development of this branch of engineering has 
been most rapid and complete. 
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CHAPTER 111. 

CIECULAR SAW BENCHES — continued. 

In our International Exhibition of 1851 the exhibits of 
wood- working machinery were chiefly confined to Fay 
and Co., of Cincinnati, U.S.A., and Furness, of Liver- 
pool, with one or two other machines of Continental 
origin ; but between this time and our next Exhibition — 
1862 — a great number of machines, and improvements, 
and modifications on American designs more adapted 
to English necessities were introduced by Slater and 
Tall, Buchanan, Douglas, Barton, Bunten and Lamb, 
Jordan, Molesworth, Wimshurst, Messer, Varrall, Wors- 
sam, Forrest and Barr, McDowall, Horn, Furness, 
Kinder, Rosenberg, Bobinson, Powis and James, and 
others. Under the head of circular saw benches, how- 
ever, we do not find anything especially worthy of 
notice. In 1861 a patent was secured by Worssam, 
London, for improvements in machinery for cross- 
cutting timber. He claimed the arranging of two 
circular saws, one above the other, in the same vertical 
plane, the top saw being placed a little in the rear of 
the other, but both meeting in the same kerf. Addi- 
tional guides were also used for assisting in supporting 
or steadying the saws before entering the wood. One 
or both saws could be used, according to the size of 
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timber to be cut. They are, however, owing to the 
small size of our timber, little used in this country, 
and are generally known as American or Canadian 
rack benches, but were really the invention of Sayner 
and Greenwood, whose patent we noticed in our last 
chapter. 

In our Exhibition of 1862 a considerable number 
of English, American, and Continental machines were 
shown. Messrs. Greenwood and Batley, Leeds, ex- 
hibited several very ingenious machines, including a 
curvilinear band sawing machine with a variable and 
self-acting radial motion, Kinder's shaping machine, 
&c. Messrs. Worssam and Co., London, exhibited a 
portable deal frame, band sawing machine, &c. Messrs. 
Powis, James, and Co., London, showed hollow-framed 
band sawing machine, planing machine, mortising ma- 
chines, &c. ; Messrs. Eobinson and Son, of Eochdale, 
planing and squaring-up machine, tenoning machine, 
&c. ; and a number of other machines were also ex- 
hibited by Messrs. McDowall and Sons, Glasgow; 
Kemian and Sons, Dublin; J. and T. Young, Ayr; 
Haigh, Oldham ; Geeves, London ; Weston and Horner, 
Xondon, &c. A new tree-feller was shown by Mr. E. 
Thompson, of Woolwich. These machines, taken as 
a whole, were considered fair examples of design and 
workmanship, but were far behind those of the ma- 
chine tool-makers in the massiveness of their framing 
and general compactness and simplicity of their 
details. 

Amongst the Continental machines exhibited was a 
band saw and traversing mortising machine, by M. 
P^rin, Paris, the former of which attracted a gi'eat deal 
of attention, chiefly from the very able manner in which 
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it was worked. Messrs. Bernier and Arbey, and Messrs. 
Varrall, Elwell, and Poulot, of Paris, and M. Zimmer- 
mann, of Chemnitz, also showed a varied collection of 
wood- working machines, bnt nothing calling for special 
notice. 

Immediately following the Exhibition, what mnst 
be considered one of the greatest improvements ever 
introduced in connection with wood- working machinery 
was brought out by Mr. Henry Wilson (then manager 
of the firm of Powis, James, and Co., London). This 
was what is known as the solid or ' box ' framing — that 
is, instead of the frames of saw benches, moulding ma- 
chines, &c., being bolted together in pieces, they are 
cast in one solid mass, thus securing greater rigidity, 
enabling saws, cutter blocks, &c., to be driven at a very 
high velocity without vibration. This was unattainable 
in machines hitherto made with light iron or wooden 
framings, although in former years it was argued that 
wooden framings were preferable to iron, the vibration 
of high-speeded cutters being absorbed by the elasticity 
of the wood. The fallacy of this reasoning has been 
amply disproved by the almost universal adoption of 
solid iron framings in this country, and more or less in 
America and on the Continent, America hitherto being 
the great advocate for the use of wood. Wooden framings 
might have the advantage of lighti^ess and portability 
when used in unfrequented countries, and also be some- 
what less in first cost, but where machines are fixed for 
permanent use there seems to be little doubt that solid 
iron frumes are in every way preferable, being stifiPer 
and steadier in their work, much more durable, and 
costing less for repairs. A number of other improve- 
ments were about this time introduced by Mr. Wilson, 
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including a machine for sawing, adzing, and boring 
railway sleepers, for which he obtained a patent in the 
year 1864. The arrangement for sawing was briefly as 
follows : — ^ Endless belts carried the wood between up- 
rights, the width of the rough sleeper to be prepared ; 
six circular saws were erected, under which the belts 
carried the sleepers ; the two outer saws cut the sleepers 
to the length required, while the other four saws were 
set in pairs and the proper position for making cuts to 
a certain depth in the sleeper, between which cuts, to- 
wards the ends of the sleepers, the wood is to be re- 
moved for the chairs to be seated. The belt then 
carries the sleepers under the adzes or sets of cutters 
revolving horizontally, whereby the wood between the 
two cuts last mentioned is removed, and the seats for 
the chairs are formed. The sleepers thus prepared are 
carried by endless belts to the boring machine, which is 
arranged to bore the four necessary holes in the sleepers 
either vertically or at an angle; after boring they were 
shot from the machine by the belts.' 

Immediately following the Exhibition, Mr. W. B. 
Haigh, of Oldham, introduced various improvements 
into sawing machinery, including the mode of operating 
saw benches for cross-cutting purposes, in which, in- 
stead of making the bearings stationary which carry 
the spindle of the saw, they are made movable, so that 
the saw can be raised and lowered as desired. The 
driving band passes from any driving pulley over a 
carrier pulley, and around two other pulleys, and as one 
of them is central with the axis of a swing lever, the 
length between the two pulleys is the same at any posi- 
tion of the saw, and the tension of the band is the 
same in all positions. In large circular saw benches 
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the Bwing lever is moved up and down by a worm, 
gearing into a worm wheel or quadrant fixed to the 
boss of the swing lever, so that when the worm is turned 
either by hand or steam power one way, it will cause 
the worm wheel or quadrant to revolve and depress the 
swing lever and bring the saw below the table, in order 
to prevent accidents when the timber is being placed 
on the table, and when the worm is turned the other 
way it will bring up the saw and cut the timber as it 
rises, and, after the timber has been cut, the saw can be 
again lowered to be out of the way during the removal 
of the cut timber. In smaller saw benches the swing 
lever is moved up and down by a screw and nut or 
other convenient means. 

A patent was also obtained by W. Jeflfery, Glasgow, 
for an improved saw bench for cross-cutting purposes. 
In this machine the saw spindle was mounted in a 
slide, to which was given a self-acting reciprocating 
motion, by means of screw and bevel gear, arranged to 
reverse automatically by means of a weighted lever and 
stops. A slide plate could also be used for cross-cut- 
ting, the saw remaining in a fixed position. The wood 
was helcF against a fence on this plate, and pushed 
through the saw by hand, a weight attached to the 
sliding plate bringing it back to its original position 
after each cut. 

Mr. Samuel Worssam, in 1865, patented an im- 
proved self-acting saw bench. The improvements re- 
lated to the mechanical arrangements for moving the 
timber on the saw bench, consisting chiefly in the use 
of movable feed rollers and a pair of rotating rollers 
for returning the timber to its original position ou the 
bench when a plank had been sawn therefrom, 
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Of the great variety of wood-working machines, the 
circular saw bench, in its many forms, is the one, per- 
haps, in most general use in all parts of the world, as 
before the wood can be submitted to any other process, 
such as mortising,' moulding, &c., it must first be pre- 
pared on the saw bench. It is, therefore^, of the highest 
importance that it should be well proportioned and 
adapted to the special class of work it has to per- 
form ; but this is far from always being carried out. 
We take it that true proportion denotes the just mag- 
nitude of the members of each part of a machine, and 
the relation of the several parts to the whole. If this 
was more generally borne in mind, we should not, I 
think, see so many ^ abortions ' turned out by so-called 
^ engineers,' which has taken from English machinery 
more or less the high character it once held, and has 
in several classes of industry proved a boon to our 
American rivals. 

In wood-working, as well as other machinery, great 
care should be taken in designing ; a certain weight of 
iron, correctly apportioned to bear the wear and tear , 
and high speeds it is necessary to run at, is far better 
and more economical than twice the amount of metal 
used haphazard ; but how rarely does this matter re- 
ceive the attention it deserves. With some makers it 
seems that so long as a machine may be made to work 
after a fashion and sell at a certain price, their end is 
attained. This may be satisfactory to their pockets, 
but it certainly cannot be considered as conducive to 
true engineering progress. Of course there are some 
notable exceptions, and I think I cannot do better than 
refer to Sir Joseph Whitworth's machine tools as illus- 
trating great excellence of design and proportion, and 
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whose example in this respect it would be well for many 
to imitate. 

As a wood-working tool, the saw bench has the 
disadvantage of requiring large power to drive, aud 
wastes a considerable amount of wood. This draw- 
back is, however, more than counterbalanced by its 
general handiness and adaptability for converting all 
kinds of wood, and its little liability to disarrange- 
ment. 

We illustrate herewith (fig. 1) a plain circular saw 
bench, from the design of Messrs. Western and Co., 
Lambeth. It is a very good example of the * box 
framing,' and is well and substantially designed. The 
introduction of the arm carrying the bearing outside the 
driving pulleys is an improvement, as it equalises the 
strain on the bearings ; it can be made either right- or 
left-handed, or rising from the floor line, which should 
be preferable, as it allows the bench to be driven from 
any direction. The fence is adjustable by means of a 
knuckle joint" and set screws for cutting feather-edged 
boards ; and as the elbow to which the fence is fastened 
swivels on a spindle at back of bench, it can be turned 
over out of the way for cross-cutting purposes. The pe- 
destals for bearings are cast solid with the bench, but 
some makers are now fixing them in movable brackets, 
which can be easily taken off for repairs or renewals. 
The teeth of circular saws, to do the best and cleanest 
work, should travel about 9,000 feet per minute, and 
great care should be taken that the form of saw tooth 
is selected that is most adapted for the class of timber 
to be operated on, and that they should be accurately 
and properly sharpened, and have the right amount of 
^ set.' These points are oftentimes neglected, and the 

c 2 
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result 18 a considerable reduction in tlie quality and 
quantity of the work turned out. The ' packing ' of 
the saws is also a matter of importance, as, if well 




packed, a saw of thinner gauge can be run, whicli is a 
saving in power and also in wood, which, when valuable 
woods are being sawn, is a matter of much more moment 



CIRCULAR SAW BENCHES. 




22 WOOD-WORKING MACHINERY. 

than woald at first appear. I shall have something 
further to say on these points. 

rig. 2 represents a circular saw bench with a self- 
acting continuous feed, patented by Mr. John Casson, 
of SheflBeld, in 1868 (makers, J. M. McDowalland Sons, 
Johnstone, near Glasgow). The wood is fed to the 
saw continuously, without stopping or reversing the 
machinery, by means of a single continuously revolving 
grooved roller, of slightly conical form, between which 
roller and the fence the wood to be sawn is placed. 
The roller is affixed to an axis which turns in bearings 
carried by a horizontal arm, formed in two parts, one 
of which slides telescopically within the other, so that 
the arm can be extended when a small saw, or con- 
tracted when a large saw, is used. The adjustment of 
the said arm is effected by means of a nut-and-screw 
arrangement, which admits of the sgdal motion in its 
socket of that part of the arm which carries the feed 
roller, so that the roller can be set in an oblique posi- 
tion for bevel-sawing. The said socket is formed on a 
vertical tubular shaft, which turns in a bearing fixed to 
the frame of the bench, and passes through another 
tubular shaft furnished with a weighted arm. A set 
screw passing through the outer shaft engages in a 
longitudinal slot or groove formed in the inner shaft, 
so that the latter can slide but cannot turn in the 
former. 

By this arrangement the arm carrying the feed 
roller can be raised or lowered. The weighted arm 
referred to carries a toothed quadrant, which receives 
motion from a worm on a shaft, which is turned as re- 
quired by a hand wheel, and can be thrown in and out 
of gear by means of a rocking standard and weighted 
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lever. When the wood to be sawn is placed between 
the fence and the feed roller, the worm and quadrant 
are thrown into gear, and the hand wheel is turned till 
the feed roller is brought to the requsite distance from 
the fence. The wood is then introduced, and the 
quadrant and worm being thrown out of gear, the 
weight comes into action, and the feed roller is pressed 
against the wood. The roller is driven by a strap or 
chain passing over pulleys, one of which is fixed on 
the axis of the said roller, the other being keyed to the 
upper end of a shaft, which passes through the inner 
tubular shaft before referred to, and also through a 
worm wheel, to which the said central shaft; is con- 
nected by means of a groove-and-feather arnrngeinent. 
The worm wheel is driven by a worm in a shaft, which 
receives motion by means of band pulleys from the 
saw spindle. The feed roller can be removed when 
cross-cutting, (fee, has to be done. 

We have seen the above self-acting feed in motion 
for cutting deals, &c., and ordinary light work, and it 
answered its purpose well. The inventor claims that 
this feed may be advantageously applied to band saws 
and deal frames, but we have never seen the same in 
operation. 
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CHAPTER IV. 

CIBCULAB SAW BENCHES — continued. 

Thebe are a considerable number of circular saw 
benches made with self-acting feed motions, to bring 
the timber up to the saw when too heavy or laborious 
to be pushed through by hand. These feeds vary 
according to the class of work to be performed. Mr. 
Samuel Worssam in 1873 received provisional protection 
for a simple feed especially adapted for deals and bat- 
tens ; before this date, however, the writer had applied 
the same plan to benches driven by hand. It consists 
of a grooved or serrated roller, or rolkrs, mounted in 
bearings underneath the table, whose periphery works 
partly in an opening in the table, and extends a slight 
• distance above its surface, to ensure the wood to be cut 
resting thereon. Rotary motion is communicated to 
the roller by suitable gearing, capable of adjustment 
to enable the speed of the feed roller to be regulated 
as desired. Holding-down rollers, or means as here- 
tofore used, are dispensed with, and the pressure of the 
saw when cutting is relied on solely to keep the wood 
in contact with the feed roller. Included in this speci- 
fication is an improved method of ^ packing ' the saw. 
For this purpose loose blocks are employed on each side 
of the saw, each block being fitted with adjustable 
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packing pieces. The loose blocks are fitted in guides, 
fixed to the under side of the table and to the ^ filling- 
in piece/ and two screws are fitted to each block, to 
work in nuts carried by the table and the filling-in piece, 
so that the ends of the screws extend to the outer 
edges of the table. Thus by turning the screws the 
loose blocks, with the packing pieces therein, can be 
adjusted for different thicknesses of saws. 

No very striking novelty in connection with circular 
saw benches was shown in the recent International 
Exhibition in Paris. Messrs. BoUinder, of Stockholm, 
exhibited a saw bench for edging purposes. It was 
fitted with a horizontal plain roller-feed. Part of the 
top of the bench and one saw were adjustable by means 
of a hand lever to the widths of the wood. A neat 
pendulum or vibrating cross-cut saw, especially de- 
signed for sawing barrel staves, was shown by P. Arbey, 
Paris. The stave to be sawn is bent under a powerful 
spring, placed on a swivelling frame, which can be set 
to any angle. The pendulum with saw is brought over 
by hand, and one side of the stave is sawn; the 
swivelling frame is then set over the width of the stave, 
and the saw performs the same operation on the other 
side. 

A smaU machine for sawing out wooden cogs was 
shown in the Swiss section. The wood is fixed in a vice 
fitted on a circular revolving table, and is operated on 
by two circular fine-toothed saws, running vertically 
and horizontally ; when the tooth is cut on one side, 
the circular table is made to revolve, and the other side 
of the wood is served in the same manner. 

Important though the subject is, our space will not 
permit us to notice all the varied forms and modifica- 
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tions of circular saw benches and their adaptation to 
difiPerent classes of work; we shall, however, briefly 
n6tice some few of the most important. For cross- 
cntting heavy logs, where any considerable quantity 
are done, the best plan is to arrange at the end of the 
saw mill where timber enters, below the floor, a large 
circular saw, which can be raised and depressed by 
suitable gearing above and below the floor line, and cut 
through the log as it lies on the ground ; this effects a 
considerable economy in labour, especially when the 
timber has to be converted by other machines and the 
full length of the log is not required. For light cross- 
cutting purposes, a pendulum bench is a very useful 
form ; in this case the saw is fixed to a frame or pen* 
dulum, which swings on a countershaft below the floor 
line. The saw is made to oscillate by self-acting gear, 
or can be brought to the wood by means of a treadle. 
The number and length of the strokes can be varied to 
suit the different widths of boards. A somewhat 
novel feature has latterly been introduced in this class 
of cross-cut bench — we believe by Messrs. A. Kan- 
some and Co., London. It consists of a self-acting stop, 
which can be set to gauge any required length of 
board. This stop is brought into position when the 
saw is retiring after making its cut, and moves out of 
the way as it advances, so as to allow the boards sawn 
at the last stroke to fall out of the way immediately 
after they are cut. For cross-cutting heavy scantlings, 
deals, &c., various modifications of ordinary saw benches 
are introduced, the saw, by suitable gearing, being 
made to advance through the wood and retire to its 
first position ready for the next cut ; these modifica- 
tions vary according to the size and class of work to 



CIRCULAR SAW BENCHES. 27 

be done. As a rule, it must be considered preferable 
for the saw to be made to pass through the wood, in- 
stead of the wood being pushed through the saw. For 
sawing railway sleepers, benches are generally arranged 
with an endless chain, working on rollers of corre- 
sponding pitch. This chain carries loose ^ dogs,' which 
grip the end of the timber. As each sleeper is sawn, 
the ^ dog ' is removed, and placed at the end of another 
log ; a continuous feed is thus obtained. 

In small establishments, or when constant changes 
are made in the work, a ripping and cross-cutting saw 
can be combined in the same bench by mounting two 
saw spindles in a revolving frame placed beneath the 
bench, which can be moved round by a hand wheel 
and worm gearing, thus bringing into operation above 
the level of the bench either the cross-cutting or rip- 
ping saw, as required. Saws of small diameter can 
be driven by friction discs. When much light wood 
has to be cut to a certain length, as in box-making, 
a convenient plan is to mount the saw in a slide which 
can traverse backwards and forwards through the 
wood by a hand lever, an uniform tension of the belt 
being secured by passing it over pulleys fitted in a 
vibrating or pendulum frame. For edging purposes 
three or more circular saws can be mounted on the 
same spindle, and a horizontal roller-feed attached. 
Both the feed and saws should be made adjustable for 
diflferent thicknesses or widths of wood by worm or 
rack and pinion gear. The feed rolb can be driven 
direct from the saw spindle. 

For grooving and rebating purposes the saw 
spindle runs in bearings fixed on a slide working in a 
bracket, bolted to the under side of the bench ; thick 
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saws of about 12 in. diameter, varying according to 
the width of groove to be cut, are used in place of the 
ordinary ripping saw. By means of a hand wheel and 
screw, the slide can be raised or lowered for the saw to 
project above the surface of the bench the exact depth 
of the groove to be cut, and the wood is passed over it 
in the usual manner. Benches are also fixed on wheels 
for forest use, or where they have to be constantly 
moved fi'om place to place, and are often otherwise 
varied in their constructive details to suit special con- 
ditions or circumstances. 

Where many rough and irregular logs have to be 
cut into boards or scantlings, the roller feeds are ill- 
adapted for the purpose. This, however, is accom- 
plished by rack or drag-rope benches. Pig. 3 illustrates 
a well-designed sample of the ordinary drag-rope bench, 
made by Messrs. Johnstone, Hewetson, and Wilson, 
London. These benches are adapted to carry saws up 
to about 54 in. diameter; after this size, the rack 
bench is to be recommended. The illustration needs 
very little description. The framing is of the now well- 
known ^box' form; the bearings are let in from the 
top of the bench, and are so divided that by means of 
set screws they can be ' set up * and adjusted to equa- 
lise the wear of same. An arm cast with the bench 
carries the bearings outside the driving pulleys; the 
rate of feed can be varied by means of the cone pulley 
and belt underneath bench. For bringing heavy tim- 
ber up to the saw, carriages running on rails are used. 
The fence is fitted with binding roller and weighted 
lever for keeping the wood close up, and the width of 
cut is easily adjusted by means of a transverse screw 
placed within the framing. In circular saw benches 



30 WOOD-WORKING MACHINERY. 

where heavy timber is sawn the friction of tiie wood, 
especially if green, causes considerable loss of power. 
This is somewhat lessened by the sawyer opening out 
the timber by means of wedges as it passes the saw. 
To obviate the chance of splitting the wood by this 
method, Mr. G. L. Molesworth, C.E., introduced in the 
year 1856 a self-acting revolving wedge, in the shape 
of a wheel, thick at its centre and sloping down to an 
edge at its circumference ; it revolved on centres at the 
end of a lever, which was free to traverse along the 
feather of a rocking shaft. The rocking shaft had a 
lever, which caused the wedge to be held with an even 
pressure within the cut. The whole was arranged 
close behind the saw, and the wedge revolved by the 
friction of the wood as it advanced, and exerted an uni- 
form pressure in relieving the saw, and could- also 
adapt itself to irregular as well as straight sawing. 

rig. 4 represents a strong, well-designed r^pk bench 
by Messrs. C. Powis and Co., of London, especially 
adapted for the heaviest class of circular sawing. The 
timber is brought up and carried through the saw by 
means of a wrought-iron travelling bed, divided longi- 
tudinally by the saw, and made to travel over turned 
rollers by means of a strong self-acting rack gear. 
Other suitable rollers are fixed alongside the travelling 
bed, both behind and in front of saw, on to which the 
timber can be canted both before and after being sawn. 
The table can be arranged to travel at from 12 feet to 
40 feet per minute, and after the cut is made the re- 
turn motion is from 70 feet to 80 feet per minute. It 
is stopped or started by means of a treadle or lever 
under the immediate command of the sawyer. For 
breaking down heavy logs where few cuts are required. 
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or where the scantlings are afterwards to be cut into 
thin boards in a deal frame, this class of bench is es- 
pecially well suited. The travelling bed is fixed very 
little above the floor line, so that it is unnecessary to 
lift the timber, and when once it is rolled on the table 
its own weight will keep it in position. The counter- 
shafts, belts, &c., as will be seen from the illustration, 
are placed below the floor, and the bench being fixed 
on a strong wooden framing, supported by brick or 
other piers, a chamber is thus formed to receive the 
sawdust, &c. 

We have noticed recently an improvement in im- 
parting motion to rack-bench tables. It consists in 
working the rack and pinion by which motion is im- 
parted in a horizontal plane, instead of a vertical, as 
hitherto, the side of the rack being bolted to the under 
side of the table instead of the back. The objection 
to the vertical method is that sometimes work has been 
damaged by the rack riding on the driving pinion, and 
thus raising the table. 

Circular saws up to about 7 feet diameter, but not 
above, can be worked with advantage, notwithstanding 
the large power required to drive them. Timber re- 
quiring saws of greater diameter should be converted 
by reciprocating or straight saws. In America circu- 
lar saws are used of much thicker gauge than in this 
country, and without packing pieces. This practice, 
however, must be condemned, both on the score of 
wastefulness of power and wood ; neither is the work 
done so clean or true. Less skilled labour may perhaps 
be used, but even this is a doubtful economy. Crown 
and cylinder saws are used somewhat in the United 
States, but rarely here. A dished' circular saw for cut- 



32 WOOD-WORKING MACHINERY. 

ting out curved forms was invented by a Mr. Trotter 
in 1806, but the band and fret saw has now entirely 
taken its place. 

It was the practice of some American engineers to 
make the top of their saw benches of narrow strips of 
different woods glued up together, but this has now 
almost entirely been abandoned in favour of iron. 
Many of their benches are fitted with spindles arranged 
with an expanding end, to suit saws with holes of dif- 
ferent sizes ; this is worked by means of a screw at the 
one end of the spindle, and obviates the necessiiy of 
bushing the saw spindles. 

In purchasing or making a saw bench, where 
low first cost is not an object, and where a really 
durable and efficient machine is desired, care should be 
taken to have the saw spindle made of Bessemer or 
other steel, of not too hard a texture ; or, if iron is used, 
it should be of the best, and free from seams, or the 
bearings will rapidly be worn away, and sometimes 
^ fired' by the friction, besides requiring constant 
lubrication. The bearings should be of best gun 
metal, or, better still, of phosphor-bronze, to which 
metal we hope to refer again, as its merit for bearings 
is great, its increased cost only, we believe, preventing 
its general adoption. We have seen bearings com- 
posed of an alloy of 100 parts of tin, 10 parts of anti- 
mony, and 2 parts of copper used, and they are reported 
to wear longer than gun metal ; but of this we cannot 
speak personally. We should imagine for heavy ma- 
chines this alloy would be much too soft. With spindles 
carrying saws above 36 inches in diameter, there should 
be three sets of bearings, which should be placed as 
far apart as the width of the bench will permit ; one 
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set on the outside of the driving pnlleys. The driving 
pulleys on the saw spindle should not be of too small 
diameter, and should be sufficiently wide to carry belts ; 
a safe rule is, say, one-quarter of the diameter of the 
saw used. Efficient lubrication of saw spindle should 
be secured, and is of great importance, as should heat 
from the spindle be communicated to the saw, it de- 
stroys the stifl&iess of the plate, and gives a tendency to 
* buckling.* Care also should be taken that it is worked 
at its right speed, as it is found that, if run at too great 
a rate, it becomes wavy and pliant, and runs untrue. 
We have already spoken of the best form of framing, 
and, in concluding our remarks on these points, we 
should recommend buyers not to be tempted by a very 
low price, as they will find it impossible to purchase a 
good and useful machine without paying a fair price 
for the design, workmanship, and materials embodied 
therein. We may mention that the smallest circular 
saws in use in this country are, we believe, those em- 
ployed in the manufacture of pens, and they range 
about half an inch in diameter. 

For saw benches cutting above 12 inches deep, self- 
acting feed gear is to be recommended, as the labour of 
pushing the timber through the saw is excessive. For 
plain jobbing benches, at any rate the larger sizes, 
turned revolving rollers should be placed at the front 
end of the bench, as this lessens somewhat the labour 
required in feeding by hand. For very light or orna- 
mental work a small saw-bench can conveniently 
be driven by tlie foot. The top of the table outside the 
saw should be arranged to angle for cutting mitres, 
and the whole table-top made to cant endways for light 
rabbeting, grooving, &c. When ^ drunken ' saws — ^that 
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is, those fixed obliquely on their spindles — are need for 
grooving in preference to saws of a gauge the same 
thickness as the groove required, if the collars em- 
ployed to keep them in position are made to a consider- 
able bevel, they can be so arranged by turning them 
round, that, with one set of collars, the saw can be set 
to almost any angle to cut any width groove desired, 
or it can be fixed at right angles to the spindle for 
ordinary sawing. This plan does away with several sets 
of collars. The peripheries of circular saws should be 
speeded to travel about 9,000 feet per minute. 
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CHAPTER V. 

TIMBER AND DEAL FfiAMES, ETC. 

Under the above heading we purpose noticing the 
varied forms of machines generally known as recipro- 
cating or mill saws. The straight or mill saw was 
known and in use some hundreds of years probably 
before the circular saw. The date of its introduction, 
and when it was first driven by other means than hand 
power, is uncertain ; several writers, however, mention 
the fourteenth century as probably the earliest period. 
Montfaucon ('L'Antiquite Expliqu^e/ vol. iii., pi. 189) 
gives a representation of two ancient saws taken from 
Gruter, one the blade of a saw without any frame, and 
the other apparently a cross-cut saw. Some interesting 
accounts of an early saw frame or mill, as it is called, 
are given in Hardwicke's ^ Miscellaneous State Papers,' 
from 1501 to 1726, p. 71. In the year 1555, the am- 
bassador from Mary, Queen of England, to the Court 
of Rome, having noticed a saw mill in the neighbour- 
hood of Lyons, describes it as follows : — ^ The saw mill 
is driven with an upright wheel ; and the water that 
maketh it go is gathered whole into a narrow trough, 
which delivereth the same water to the wheel. This 
wheel hath a piece of timber put to the axle-tree end, 
like the handle of a broch, and fastened to the end of 
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a saw, which being turned by the force of the water, 
hoisteth up and down the saw, that it continually 
eateth in, and the handle of the same is kept in a 
rigall of wood from swerving. Also the timber lieth 
as it were upon a ladder, which is brought by little and 
little to the saw with another vice.' Before the intro- 
duction of saw frames driven by water or wind, timber 
was generally converted by the aid of the wedge and 
pit saw; the latter had a reciprocating motion given 
to it by two or more men. In isolated districts, or 
where little timber is required, these saw-pits are 
in considerable use even at the present time, and 
men can be found willing to convert some classes 
of timber at a cost not greatly in excess of that sawn 
by machinery; the process is, however, much slower, 
nnd as a rule not so well done. The earliest saw 
frames in use in this country were constructed almost 
entirely of wood, and are described by an old writer as 
follows : — * The common saw-mill, which is generally 
employed in cutting timber into planks, consists of a 
square wooden frame, in which a number of saws are 
stretched ; this frame rises and falls in another wooden 
firame, secured to the foundation of the mill in the same 
manner as a window sash rises and falls. The timber 
to be cut is placed upon a horizontal bed or carriage, 
sliding upon the floor of the mill, which being suffi- 
ciently narrow to pass through the inside of the vertical 
or moving saw-frame, will carry the tree through and 
subject it to the action of the saw. The carriage is 
provided with a rack, which is engaged by the teeth of 
a pinion, and thus gives the means of advancing the 
carriage. The pinion is turned by means of a large 
ratchet-wheel, with a click moved by levers connected 
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with the saw frame ; when the saw frame rises the 
click slips over a certain number of teeth of the ratchet 
Avheel, and when it descends to make the cut, the <5lick 
turns the ratchet wheel round, and advances the wood 
forward just as much as the saw cuts during its de- 
scent. The trees are generally dragged up an inclined 
plane, through a door at one end of the mill, and being 
placed upon the carriage, they pass through, and are 
divided by the saw into two or more pieces, which are 
carried forward, and passed out at a door on the oppo- 
site side of the mill/ 

Bentham, amongst other machines, supplied a num- 
ber of saw frames to the Government establishments at 
tiie close of the last and the commencement of the 
present century. We do not find, however, record of 
any special invention made by him in relation to this 
particular class of machine. In 1805 and 1807 Bru- 
nei took out patents for improvements in sawing 
machinery, included in which was a method for fixing 
and tightening mill saws, which was introduced by him 
at the Eoyal Arsenal, Woolwich, and elsewhere. It 
may be described as follows : — Each saw has pieces of 
metal formed like hooks riveted on either end. The 
hook at the lower end of the saw falls into a proper 
recess made in the lower cross-bar of the frame, and 
the upper hook is engaged with the hook of a shackle 
or link which hangs upon the upper cross-bar, and has 
wedges through it, by means of which it can be drawn 
tight to strain the saw. As the tension of the saws is 
in a measure uncertain when the wedges of the shackles 
are merely driven by a hammer, Brunei employed a 
very ingenious steelyard, which exhibited the degree 
of tension given to the saw. A strong spindle ex- 
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tended across the fixed uprights in which the saw frame 
slides, and above the top of these uprights, from one side 
of this spindle, a lever proceeds, which has a weight fixed 
at the end, and from the opposite side of the spindle two 
short levers are fixed. They were connected by links 
to a cross-bar, situated just over the upper cross-bar of 
the saw frame when it is at its greatest point of eleva- 
tion. This cross-bar of the steelyard has a shackle 
upon it, which can be united by a key with any of the 
shackles upon the cross-bar of the saw frame, which 
shackles are, as before mentioned, united by the hooks 
with the upper end of their respective saws, and by 
this means the lever and its weight become a steel- 
yard, to draw up any one of the saws with a deter- 
minate force. In using this apparatus, the crank is 
turned round to elevate the frame to the highest point. 
Two wedges are then put in between the saw frame 
and the uprights, and this holds the saw frame fast 
whilst the steelyard is applied. The sharpened saws 
are now put into the saw frame, by hooking them upon 
the lower cross-bar, and uniting the hooks to the 
shackles on the upper cross-bar. The link upon the 
cross-bar of the steelyard is united with the shackle of 
one of the saws, and by allowing the steelyard to 
descend it stretches the saw, the wedge being thrust 
in by hand as far as it will go, thus retaining the saw 
at the tension to which the steelyard has stretched it. 
This same operation is performed on all the saws, which 
are thus strained equally. Brunei also erected several 
reciprocating saws for the Government, including one 
working a specially thin-gauge saw with fine teeth, for 
cutting sheaves from lignum vitse. The plan of holding 
and feeding the timber to be operated on is ingenious. 
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The tree of lignum vitse is placed horizontallj in a 
large vice, which is opened and shut by two screws, 
both moved at the same time by cog wheels, connect- 
ing them so as to move the jaws of the vice parallel. 
The machine being used for cutting the ends of the 
trees into proper thicknesses for the sheaves, the vice 
which held the tree was provided with a screw, which 
advanced and gave the proper distance every time a 
sheave was cut off. The vice was fitted on parallel slides, 
so that the pieces cut off should have parallel sides. 
This machine was used for cutting up the largest-sized 
trees, the smaller being converted by a circular saw 
fixed in a horizontal swinging frame, sindlar to the 
action of a gate or door. The timber was also made 
to revolve, thus presenting every part of its circum- 
ference to the action of the saw ; the saw was therefore 
enabled to cut through a tree nearly its own diameter. 
The whole arrangement was decidedly clever, but our 
space precludes more than a passing notice. We must 
not, however, omit to add that Brunei was most ably 
seconded by the late Henry Maudslay, who carried out 
the inventor's ideas with the greatest skill and accuracy, 
and introduced many improvements of his own. 

A patent was granted to Charles Hammond, Lon* 
don, 1811, for improvements in machinery for sawing 
and planing wood, described in which are feed rollers 
for bringing the timber up to frame and circular saws, 
&c. This same plan of feeding timber has been 
adapted to planing, moulding, and other machines, 
and has formed the subject of several patents, in- 
cluding that great American monopoly, the Woodworth 
planer. 

We have before us the drawing of a deal frame for 
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cutting two deals at once, constructed some fifty years 
since by a Mr. Haigh, of Ratcliffe, for the Dutch 
Government.' The framewoJ'k, saw frame, &c., are 
made of iron, instead of wood, as generally hitherto 
used. The saw frame has square, vertical, adjustable 
guides, rack feed-motion, with ratchet wheel and paul, 
adjustable friction rollers, fly wheel, fast and loose 
pulleys, &c. In fact, it differs very little in essential 
particulars from many deal frames now made, and, 
considering the date at which it was built, must be 
considered a first-rate specimen of engineering skill. 
About this time also a machine or apparatus for cutting 
piles under water by means of a reciprocating saw was 
introduced ; who its inventor was is uncertain, but it 
was probably of Continental origin. The machine em- 
ployed for this purpose is required to give the saw three 
motions — ^the first, by which it descends below the level 
of the water, at the same time preserving the blade of 
the saw in a horizontal position ; the second, a hori- 
zontal motion in the direction of the length of the saw ; 
and the third, a horizontal movement in the direction 
of the breadth of the saw, which enables it to follow its 
work as it advances into the pile. This was effected in 
the machine under notice by two platforms, one of 
which was made movable by rollers on a framework 
attached to the top of the piles, where the workmen 
stand in working the saw; the second platform was 
placed below this, and attached to it by four rods, with 
racks and pinions, by means of which it could be raised 
or depressed, according to the depth below the level 
of the water the pile was required to be cut off. The 
saw was fixed to a carriage, which was movable on the 
lower platform, on rollers, in the direction of the 
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breadth of the saw. A rack was attached to the 
carriage, which engaged a pinion working in the lower 
platform; by this means, the carriage and saw were 
pressed forward against the pile. 

Saws or blades for cutting stone, marble, &c., driven 
by steam, were also now in use. The saws were 
stretched in a strong frame, and received a horizontal 
reciprocating motion from a steam engine. A very 
complete marble mill was made by a Mr. Colliss, and 
erected in the neighbourhood of Kilkenny about the 
year 1830 ; the machine was arranged to work twenty 
saws and five polishers. The saws were of soft iron, 
and lasted about a week, and were worked with sand 
and water. The marble taken from the mill was first 
polished with stone called cove stone, which is a brown 
sandstone ; it was afterwards polished by a hone stone, 
which was a piece of smooth nodule of the argillaceous 
iron ore found in the hills between Kilkenny and 
Freshford ; it received its last polish in the mUls with 
rags and putty. 

In 1835 Messrs. Gibbs and Gatley took out a patent 
for ^certain improvements in machinery for cutting 
wood and other materials.' The improvements chiefly 
relate to combinations of machinery specially adapted 
for cask-making, but included in the specification under 
claim No^ 5 is, * in constructing an ordinary vertical 
saw frame or machine in such manner that one set of 
saws and their frame shall at all times balance another 
set of saws and their frame.' This improved counter- 
balanced saw-frame was fully illustrated and described, 
and from the illustration it is seen that the two cranks 
are on the same plane in opposite directions, and that, 
therefore, the resistance of the cut and the weight of 
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the saws will be balanced at every point of a revolution. 
This arrangement has been the subject of at least one 
patent since the above date, but we are at a loss to see 
wherein the originality of the later patent lies, except, 
perhaps, in the matter of small details. This affords 
one of the many instances of the haphazard manner in 
which patents are granted, and also the need that 
exists for reformation in this as well as other points in 
our present system of patent administration. 

Following 1835 we do not find for some years any 
inventions or improvements of importance relating to 
reciprocating saws. In 1848 T. H. Barber, of London, 
took out a patent, in which a great many contrivances 
are described, including some improvements in saw 
frames ; but the specification relates chiefly to bevel- 
sawing, and means for facilitating the same. In 1850 
Mr. Amos Jackson, an American, brought out a machine 
which he proposed to drive by the weight of the log to 
be sawn. Although unpractical, the originality of the 
idea merits a short description. The rails on which 
the timber carriage travelled were fixed on bearings 
attached to a frame, the opposite ends of which were 
fitted with large segments of a toothed wheel, working 
into a series of toothed wheels and pinions. When the 
log was pushed forward to the saw, its weight was to 
act through the segments on a shaft having several 
intermediate gearings, which would increase the speed 
sufficiently to drive the crank shaft. The saws pro- 
posed to be used were to be made thick at the points of 
the teeth, tapered to a thinner gauge at the back of 
the saw, and to be run without setting. In 1852 Mr. 
John McDowall, of Johnstone, brought out and pa- 
tented ^ a high-speed tension sawing-machine.' It con- 
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sisted of a single mill-saw, driven at a high speed, with 
an arrangement for giving increased tension to the saw 
without using the ordinary heavy saw frame and 
buckles ; also an adjustment for regulating the * over- 
hang ' of the saw, according to the rate of feed given to 
the timber. 
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CHAPTEE VI. 

TIMBEE AND DEAL FRAMES, ETC. — continued. 

In the year 1864 Mr. James Hamilton, of New York, 
patented an arrangement of vertical saws especially 
adapted for catting ships' timbers. A machine, made 
under this patent, was erected at the shipbuilding yard 
of Messrs. Wigram and Son, Blackwall. The machine 
ran two saws, which cut both sides at once of any 
timber ordinarily used in shipbuilding. Each saw was 
hung in such a manner as to be free to turn on its 
centres, and present its cutting edge in any required 
direction ; they were also arranged to move laterally in 
the saw frame. This movement was obtained by 
stretching each saw in a separate frame, which frame 
slided sideways within the principal frame. The saw- 
yer controlled the position of both the saws by holding 
a lever or guide in either hand, and thus manipulated, 
each saw was made to follow the line on the timber to 
any desired curve or taper. The bevel of the timber 
was obtained by causing it to revolve somewhat as it 
was fed up to the saw, and the exact bevel necessary at 
every point was thus secured, and the timber left the 
saw sufficiently true to require little or no trimming. 
An adjustable crank or disc for varying the length 
of stroke of saw frames, and some other improve- 
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ments, were patented by S. B. and A. Sparkes in the 
year 1857. 

In 1859 the late Mr. Samuel Worssam, of London, 
brought out and patented several important improve- 
ments connected with timber and deal frames, foremost 
amongst which was an improved feed for saw frames. 
It consisted of an eccentric paul or pauls working in 
a grooved wheel. The paul was connected to a lever, 
which was keyed or otherwise fixed on the shaft or 
roller which drives forward the wood to the saw. The 
rate of feed could be varied from 1 foot to 4 feet per 
minute, according to the nature of the work, the num- 
ber of saws carried, &c. This feed has the advantage 
of being nearly silent in its operation, and is now 
in very general use. Included in this specification 
is an improved * sling ' cotinecting-rod for driving saw 
frames. 

In the Exhibition of 1862 Messrs. Worssam ex- 
hibited a very complete portable deal frame, designed 
chiefly for builders* use, adapted to work about ten 
saws. The whole of the working parts were fixed on a 
cast-iron base-plate ; the connecting rod was worked 
from a single crank, and was looped, to clear the rack 
which passed through it. The feed was the patent 
arrangement to which we have just referred. A vacuum 
cylinder to balance the weight of the swing frame was 
applied at the top of the fixed frame. This cylinder 
was fitted with the usual piston and piston rod ; the 
latter was connected with the swing frame. As the 
swing frame descended, and the piston with it, a 
vacuum was formed in the upper end of the cylinder, 
and the resistance of the air in the lower end of the 
cylinder balanced the weight of the moving frame ; a 
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valve at the upper end of the cylinder allowed any air 
that might leak above the piston to escape. This idea 
was, however, not novel, as a similar arrangement was 
introduced, we believe, by Mr. James Neil, of Glasgow, 
about the year 1851. We may here describe a very 
novel method of stretching saws by means of com- 
pressed air, introduced and patented in America by 
Messrs. Bapp and Wright about this time ; we have, 
however, never seen it in use in this country, and 
doubt its utility, but from its novelty, if nothing else, 
we think it deserving of notice. The saw was stretched 
by the aid of two polished rods which pass through 
stuflBng boxes into cylinders, where they were attached 
to pistons, which received the pressure of the com- 
pressed air. The contiguous extremities of these 
cylinders were put in communication by means of a 
pipe, so that whatever pressure was generated beneath 
the top piston was equally felt above the bottom piston. 
The air was provided by means of a small pump, which 
made good losses by leakage. As the saw moved up or 
down, the air changed its position, rushing through 
the pipe from one cylinder to another. By means of 
the compressed air, the inventors claimed that they 
could stretch saws to a suflScient tension without the 
usual saw frame, thus enabling saws of a thinner gauge 
to be used and a higher speed to be run, but we are 
afraid anything gained in this particular would be 
more than counterbalanced by the manifest disad- 
vantages of the plan. A number of saws stretched in 
this manner were, however, we believe, made, and used 
in Buffalo and other parts of America. 

In our Exhibition of 1862 Messrs. Powis, James, 
and Co., London, exhibited a machine with a com- 
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bination to cut both timber and deals, which was 
then somewhat of a novelty. The timber was fed by 
m^ans of fluted rollers, and was kept steady by uni- 
versal jointed pressure rollers at the sides and top, 
acted on by springs to adapt themselves to inequalities 
of surface. The cross-heads of the swing frame were 
of steel, and, counterbalanced by fly wheels, the frame 
was arranged to drive from above or below at 190 
revolutions per minute, carrying saws adapted to cut 
timber 26 inches deep* Messrs. J. and T. Young, 
of Ayr, also exhibited a frame adapted for cutting 
deals. With the exception of its being driven from 
the top of the machine by an extra long connecting 
rod, it did not possess any special feature. 

In the year 1863 Mr. W. B. Haigh, of Oldham, pa- 
tented various improvements in connection with vertical 
saw frames, and direct-acting engines for driving same. 
The swing frames were arranged on the equilibrium or 
balancing principle, and were joined by connecting rods 
to cranks set at half-centres on the shaft of the steam 
engine, in order that the swing frames may move in 
opposite directions and balance each other, and also 
enable the piston of the steam engine to have equal 
work at all parts of its stroke. The saw frame is con- 
nected at the front to the piston rod, and at the back 
to the connecting rod, so that the pressure of the cut 
is divided between the piston rod and the said con- 
necting rod, and thereby gives equilibrium to the strain 
upon the working parts ; but, when desired, the piston 
rods can be at the back, and the connecting rods at the 
front. The shaft of the steam engine is central with 
the half-stroke of the piston, and the connecting rods 
are brought down from the piston rod to the cranks. 
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which arrangement saves the length of the connecting 
rod and shortens the framework to a corresponding 
extent. The feed is given to the timber in the usual 
manner by two separate eccentrics working on the 
crank shaft, and connected by rods to pauls' working 
in two grooved wheels fixed to the shafts of the fluted 
rollers on which the timber rests, and the fences 
against which the side of the timber is in contact are 
adjusted by set screws and fixed to the stationary 
frsLme. The rollers for keeping the timber against the 
fences are connected to two vertical shafts, working in 
bearings at each side of the frame, and to each shaft is 
fixed a lever, attached to a spring by a rod, having a 
screw sufficiently long to shifb the roller for taking in 
various thicknesses of timber, there being on the screw 
and against the lever a nut in a hand wheel, which is 
turned to shift the lever and the roller and give the 
necessary friction against the fence. The holding-down 
rollers are connected to large nuts working on screws 
in connection with springs in the usual manner, for the 
purpose of adjusting the rollers to the various sizes of 
timber to be sawn. 

In the steam engines for working the saw frames 
the slide box and valve are placed at right angles to 
the length of the cylinder, and the steam passages are 
arranged accordingly, in order to work the slide direct 
from the eccentric by a straight rod, 

FoUowing the Exhibition of 1862, Mr. Charles 
Prazer, of Norwich, introduced and patented several 
improvements in deal frames, one of which was the 
introduction of feed rollers on the fence side of the 
deal, working in conjunction with a wide feed-roller 
acting on its other side, thus securing a greatly in- 
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creased feeding power. He also claimed the use of 
counterbalanced saw frames ; but this plan, we think, 
can hardly be considered novel, as it is described in 
Gibbs and Gatley's patent, dated 1835. Frames built on 
this plan, however, can be driven at a greatly increased 
speed. Whether this is an advantage or not has been 
the subject of so much discussion amongst engineers, 
that we shall not enter on the question here. Each 
swing frame is fitted with a separate feed motion, so 
that on one side of the frame a deal can be fed through 
the saws at the rate of 5 feet or 6 feet per minute, 
whilst on the other side of the frame a piece of hard 
timber could be made to travel, say, 1 foot per minute. 
In 1867 Mr. Samuel Worssam patented an improved 
method of packing timber on saw frames and trying-up 
machines, by which the supporting table is provided at 
short intervals with several transverse rocking supports, 
which, when wedged up from below, will fit against the 
under side of the timber and will take the weight of the 
timber at several pointy, whatever may be the uneven- 
ness of the under side. 

Messrs. Robinson and Smith, of Rochdale, have re- 
cently patented several improvements connected with 
timber and deal frames, including an arrangement for 
rising and falling the rollers, carrying the tree whilst 
being sawn, thus rendering them adjustable to any in- 
equalities of surface in the timber, and making breakage 
less liable when sawing crooked and uneven logs. An 
improved method of cutting scantlings is also intro- 
duced, by which means this class of work can be cut 
at a greatly increased speed. The connecting rod is 
arranged to take hold of the saw frame at the centre 
of each side, instead of the bottom, as hitherto. By 

E 



so WOOD-WORKING MACHINERY. 

this plan increased strength of frame, ease in work- 
ing, and less depth of foundation are the advantages 
claimed. 

In the recent (1878) International Exhibition, held 
at Paris, several timber and deal frames were shown, but 
none containing any especially novel feature. Messrs. 
BoUinder, of Stockholm, exhibited a strong roller-feed 
timber frame. The bottom feed-rollers were constructed 
with sharp toothlike projections ; the top rollers were 
plain. The teeth of the saws were spaced extremely 
coarse, adapted, we presume, for sawing sappy timber. 
In the Austrian section the Ateliers de Construction 
of Budapest showed a powerful timber frame fitted with 
roller feed, which was adjustable by a simple rack and 
pinion arrangement. The feed rollers were all geared, 
and the swing frame was driven by double connecting 
rods placed within the main framing. Several frames 
were shown in the French section, notably by F. Arbey, 
of Paris. In some of them the swing frame was fitted 
on the face of the main framing, instead of in the 
centre, as is usual in this country, and motion was 
given by double wooden connecting rods and fly wheels 
placed on either side of the uprights. Inferior and 
flimsy castings marred in a great measure, however, 
their general appearance. 

Various other improvements have recently been in- 
troduced by Messrs. Meadows, of Heaton Norris ; Kirt- 
land and Anderson, of Dundee ; Wbrssam, Johnson, and 
Hewetson, Haigh, and others, but our space prevents 
more than a passing notice. 

Our illustration (fig. 6) represents one of Messrs. 
Samuel Worssam and Co.'s combined timber and deal 
frames, specially adapted for timber of moderate di- 
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mensions, as in use amongst contractors, builders, 
&c.; and it must be considered a well-designed and 
compact machine, the framing and general details 
being correctly apportioned to the work to be per- 
formed. Its action is easily seen; a reciprocating 
motion is given to the frame carrying the saws by the 
crank shaft at the base of the machine, which is con- 
nected with the frame by side rods and an ordinary 
connecting rod and cross-head; motion is given to. this 
crank shaft by a belt from the main shaft. The timber 
is advanced to the saws by serrated rollers, actuated 
by suitable gearing and the patent silent feed-wheel, 
to which we have before referred. Corresponding 
smooth-top pressure rollers, acted on by weighted 
levers, serve to keep the timber well down on the 
bottom or feed rollers. The machine is adapted to cut 
either a log or two deals at one time. The timber is 
supported and guided through the saws by carriages 
fitted with wrought-iron adjustable * dogs,' These car- 
riages run on rails fixed on the mill floor at back and 
front of machine, as shown in engraving, from which 
it will be seen the base of the machine, with driving 
pulleys, fly wheel for counterbalancing the action of 
saw frame, &c., are placed beneath the floor line. The 
saw or swing frame is lightly made with wrought-iron 
sides, working in adjustable V-shaped gun-metal or 
phosphor-bronze bearings. The heads against which 
the saws are keyed are of Bessemer steel. The deal- 
cutting apparatus is of simple construction, and easily 
fixed or removed. 

There are a considerable number of modifications 
of reciprocating saw frames designed and specially 
adapted for particular classes of work. These ma- 

B 12 
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chines differ considerably in their feeding and other 
details, but we shall be unable to give them more than a 
passing notice. For general log-sawing, whwe the timber 
is tolerably straight, the ordinary vertical saw-frame, 
fitted with a roller feed-motion, is the best type to be 
employed. This roller feed is continuous, and allows 
the logs to follow each other through the saws without 
stoppage. Care must be taken that the timber has a 
good bearing on the feed rollers, the straightest side of 
the log being placed on them. Some makers, in addi- 
tion, so arrange that the rollers can be raised or lowered 
by the sawyers in charge, and adapt themselves to any 
inequalities in the leg. For very irregular and crooked 
timber, frames are made specially strong in their details, 
and what is known as the * rack feed ' is usually em- 
ployed, a rack actuated by a pinion being the method 
of bringing the wood up to the saws. The rack is 
bolted to the under side of the travelling carriage on 
which the timber is placed. This carriage is usually 
made of cast iron, truly planed, and running over 
turned rollers, which revolve in cast-iron brackets, 
fixed to the floor of the mill at either end of the frame. 
The log is supported in front and behind the saws by 
adjustable friction rollers, arranged to rise and fall and 
adapt themselves to any irregularities of the timber. 
By these means a firm bearing is obtained as the saws 
enter the wood, and thus the vibration and thrust of 
the saw frame is overcome. The ends of the log are 
held by cast-iron carriages, which have a lateral motion. 
They are also fitted with adjustable wrought-iron jaws, 
which are opened or closed at pleasure by means of 
screws. The log is kept firmly on the travelling table, 
usually by weighted pressure-levers, which can be easily 
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adjusted by the sawyer in charge. Saw frames for 
forest use are made so as to be semi-portable or porta- 
ble, the latter being mounted on wheels ; they do not 
as a rule, however, diflfer essentially from those just 
described, except that the main standards of the ma- 
chine should be bolted to a massive bed-plate, which dis- 
penses in a great measure with other foundations. In 
regions where the trees to be sawn are sometimes 
covered with ice, and likely to slip, it is necessary 
to have greater feeding power, to carry them safely 
through the saws. This can be secured by employing 
four serrated feed-rollers, instead of two, as is usually 
done. These rollers all gripping the wood at one time, 
immense extra feeding power is thus gained ; the top 
pair of rollers are made to adjust themselves to the 
varying thickness of the timber. Frames can be ar- 
ranged to cut two, four, or more logs at a time, if 
necessary. 

For cutting valuable woods into thin boards for use 
as coach panels, pianoforte tops, &c., a single-bladed 
frame, driven either vertically or horizontally, is usually 
employed. In these frames, which require little power, 
very thin saws are used, to prevent unnecessary wast^e of 
wood. They are usually fitted with a variable, self- 
acting rack-feed, to suit hard or soft woods, and the 
saws are arranged to cut both ways of the traverse. 
The advantage of these frames for this class of work is, 
that as they only saw one board off at a time, an op- 
portunity is given to examine the soundness of the log 
as cut, which, if not found suitable, can be put aside 
and otherwise converted. In connection with single- 
bladed saw frames a patent was taken out a few years 
since by Messrs. Robinson and Smith for an improved 
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swivelling and butting slide, which enables the frame 
carrying the saw to be driven at a high rate of speed, 
as, no matter what angle the connecting rod is at, 
owing to the swivelling arrangement, there is no undue 
strain on the saw frame or bearings. The saw em- 
ployed is arranged to cut both ways of the traverse. 
In the United States, what is known as a * Muley saw ' 
is in use for making single cuts. It consists of a single 
reciprocating blade, tapered oflf somewhat from the 
points of the teeth to the base of the saw. It is of 
thicker gauge than those generally in use, and is 
strung without the aid of a swing frame, and is run at 
a much higher speed than the ordinary machines, 
generally some four or six hundred strokes per minute. 
In many of the American and French frames the swing 
or saw frame and other reciprocating parts are made 
of wood, to secure lightness as far as possible, and, 
contrary to English practice, the fly wheels are occa- 
sionally used as driving pulleys. In American deal 
frames the wood is usually fed by four plain rollers 
driven vertically, one pair acting as a fence or guide, 
the other pair being allowed to expand, or allow for 
any inequalities in the timber, by means of a spring, 
the variations in speed of feed being secured by a 
grooved wheel and paul, a ratchet wheel, or cone pulley 
and rack and toothed wheels. In addition to the roller 
and rack-feed motions for saw frames which we have 
noticed for cutting deals at a rapid rate, what is known 
as the chain feed is sometimes employed* This con- 
sists of one or more endless square-linked chains, 
according to the number of deals to be sawn. To 
these chains are fitted movable * dogs,' which grip the 
ends of the deals. The continuous forward motion to 
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the chains is obtained by worm and worm-wheel gear- 
ing, actuating drums toothed to correspond with the 
links of the chains and gearing into same. This, for 
small-sized frames running at a high speed, we consider 
a very useful form of feed. Through lack of power or 
other causes, it is sometimes necessary to drive timber 
frames independently of the other machinery or shafting. 
This is done either by attaching an engine directly to 
the crank shaffc of frame, or fixing a steam cylinder at 
top or base of same, the piston rod in connection with 
side rods being coupled directly to the swing frame. 
By this method steam can be brought from a distance, 
or a small additional boiler provided. The cylinder is 
constructed so as to regulate the amount of steam used 
in proportion to the work in hand. The general details 
of these frames are usually of the ordinary type, and 
the whole is fixed on an extra large and heavy bed- 
plate. 

When, owing to water or other causes, it is impos- 
sible to dig far beneath the surface of the ground to 
secure the necessary firm foundation, frames are con- 
structed to drive by a belt from above, the crank shaft, 
pulleys, Ac, being placed at the top of the machine, 
instead of at the base. In these cases, in addition to 
a moderate foundation near the level of mill floor, it is 
generally necessary that the frame should be firmly 
fixed or stayed overhead to strong cross-beams, and, if 
possible, the end of the crank shaft supported by a 
strong sole-plate or bracket, built into the side wall. 
Where saw mills are of light construction, the frames 
are made self-contained — that is, the crank shaft is 
fixed overhead on a strong entablature, bolted to top 
of machine ; this entablature is usually of box section ; 
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the outer end of crank shaft is supported by two cast- 
iron columns, braced together, and stayed by additional 
diagonal stays from the base of columns to the top of 
main framing of the machine. Where it can be 
avoided, we do not recommend frames driven from 
above, as, amongst other drawbacks, as a rule, the 
vibration is found to be excessive. A considerable 
number are made counterbalanced with fly wheels at 
either end of crank shaft and the driving pulleys in 
the centre, motion being given to swing frame by two 
side rods; in this arrangement, however, provision 
should be made to fix diagonal stays, if found neces- 
sary. Our illustration (fig. 6) represents one of Fraser's 
patent equilibrium deal frames, as manufactured by 
Messrs. A. Sansome and Co., London, which * we have 
before referred to. 

The makers claim that, running at full speed, these 
frames will do double as much work in a given time, 
and of equal quality, as any ordinary deal frame. 
Even if we take this statement cwm grano salisy they 
doubtless possess several features of merit. Two addi- 
tional smooth feeding rollers acting on the side of the 
deal, which is against the fence, are introduced ; with 
this additional feeding power it is claimed that large 
flitches of hard wood can be fed with ease, with both 
swing frames full of saws. It will also be seen from 
the illustration that the two swing frames will form a 
double-throw crank, so arranged that when by the 
revolution of the shaft the one frame is carried to the 
end of its upward motion, the other frame is carried to 
the end of its downward motion, thus counterbalancing 
the thrusting action of each other. These two frames, 
currying vertical saws, are divided by a fixed partition 
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between them ; a double fence, furnished with upper 
and lower friction-rollers, extends a sufiBcient distance 
on either side of the central partition for guiding the 
deals through the saws. The upper friction-rollers are 
arranged so as to act as guides to the upper parts of 
deals of varying depths when being sawn, the other 
side of the deals being acted on by the smooth feed- 
rollers ; thus the inconvenience arising from any un- 
evenness in the sides of the deals is obviated. A frame 
adapted to cut deals up to 1 V^ x 3" is speeded to run at 
the very high rate of 400 revolutions per minute. To 
overcome in a measure this speed, in addition to coun- 
terbalancing the swing frames, they are made specially 
light of wrought iron and steel, and care is taken in 
the workmanship of the general details to ensure ac- 
curacy. 
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CHAPTEE VII. 

TIMBER AND DEAL FRAMES, ETC. — continued. 

Several patents have recently been taken out for im- 
provements in reciprocating saws, amongst which may 
be mentioned one by Mr. Edwin Chabot, of South 
Norwood, dated 1877, who claims as novel, on behalf 
of Ferrando Morel, of Barcelona, an arrangement for 
sawing timber in such a manner that four thick planks 
may be simultaneously sawn up by four sets of saws 
carried in one reciprocating frame. It is described as 
follows : — * I arrange the machine in such manner that 
in place of the reciprocating frame carrying only one 
set of saws on either side of the travelling carriage, I 
arrange it to carry two sets of saws, and I provide 
separate guides for each plank of timber, to be held up 
to one plank on each side of the carriage, the one being 
pressed towards the travelling carriage, and the other 
away from it, up to their respective guides. The guides 
can be set towards or away from their respective sets of 
saws without stopping the machine. The machine, as 
heretofore, is provided with a main driving-shaft, having 
upon it a crank for giving motion to the reciprocating 
saw-frame, and with rollers for supporting the planks, 
and with a slowly moving carriage, actuated by a rack 
and pinion, for traversing forward the planks of timber 
up to the saws. Provision is also made for setting the 
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saws situated at one side of the traversing carriage to 
cut up a single plank of considerable width, whilst at 
the same time the saws on the opposite side are set to 
cut up two planks. The saws, as heretofore, are set to 
any desired distance apart, according to the number of 
pieces into which it is desired to divide the planks. By 
the above construction of machine, four diflferent kinds 
of work can be performed simultaneously, instead of 
two, as heretofore/ 

Mr. Samuel Worssam also in 1876 secured a patent 
for improvements in equilibrium saw-frames. These 
chiefly consisted in using two separate rack-feeds placed 
side by side, intermediate of the two saw frames, and 
placing the feed wheels both on the same side of the 
machine, thereby enabling the feed of each deal or 
plank to be regulated independently of the other, and 
enabling a single attendant to attend to both feed 
wheels from the side of the machine, thus doing away 
with the expense of a second sawyer. 

Improvements in the general arrangements of the 
parts, and the mode of operating horizontal reciprocat- 
ing saws for cutting boards, have recently (1879) been 
patented by Mr. Adam Knox, of Glasgow, by which he 
claims a greatly increased production with less power. 
His designs, although slightly complex, have consider- 
able merit in arrangement ; we therefore describe them 
somewhat at length. The improvements claimed are 
as follows : — 

The general construction or arrangement and com- 
bination of the parts of wood-sawing machines or 
mechanism, of the horizontal reciprocating class with 
blade or band saw or saws, reciprocated on the peri- 
phery of segmental levers or on pulleys. 
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The carrying and actuating of a horizontal recipro- 
cating blade or band saw or saws on the periphery of 
reciprocated segmental levers or on pulleys, either 
having an edge-rocking or curvilinear motion given to 
them or not, as desired, for the cutting of wood in 
horizontal sawing machines. 

The carrying of the reciprocating segmental levers 
or pulleys with their saw or saws on fixed centres 
(either with or without antifriction pulleys) on vertical 
slides or guide frames, to give the different thicknesses 
of wood to be cut in horizontal sawing machines. 

The giving of the edge-rocking action to the seg- 
mental levers or pulleys carrying and actuating hori- 
zontal reciprocating saws (in wood-sawing machines) by 
radial links, cams, or angled centres. 

According to one modification and arrangement, in 
coupling the horizontal transverse reciprocating saw by 
its two ends direct, by buckles or other suitable coup- 
lings, to two broad, thin blades of steel or other equi- 
valent elastic or flexible bands, so mounted on as to 
reciprocate over the upper periphery of two large 
strong but slight oscillating pulleys, or it might be 
duplex segmental pulleys oscillating vertically on strong 
studs projecting from the face of two slides mounted 
and worked simultaneously by screw spindles on strong 
vertical planed guide frames, with long bracketed sole 
behind on each side of the ordinary longitudinal car- 
riage carrying the wood to be cut, and traversed on the 
main stationary bed frame, which may rest in front on 
the strong deep traverse frame, secured to the foundation 
below, and carried or branched up so as to be secured 
to the vertical slide guides or standards on each side, to 
stay or make the whole securely steady and rigid. 
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An equivalent broad elastic or flexible band is se- 
curely stretched on and between the under or lower 
peripheries of the pulley or segmental levers, one or 
both bands being fitted with tightening screws to adjust 
and put the proper tension on the saw blade and band 
below, to make the strains all equal and self-contained 
within the rocking frame, the carrying centres and eyes 
of the rocking pulley and segmental levers on which the 
strains come being made very long to sustain the strains 
with perfect steadiness and little tear or wear. 

The two slide frames carrying the axle studs of the 
oscillating pulleys or levers are bound together by a 
strong bow frame above, with room for the log or wood 
to be cut to traverse under it, and brackets project 
down from it with slotted adjustable guides for em- 
bracing and steadying the saw on each side of the log 
or wood being cut. Thus the whole frame so bound 
together is carried and simultaneously raised or lowered 
by the vertical screws in vertical side guide-standards 
coupled by a transverse shaft and bevel wheels at the 
ends, either carried in bearings on the frame below, or 
it might be on a cross beam above, so as to set the saw 
to the proper height at which it is desired to make the 
cut into the wood, to give the required thickness of 
boards down from the top surface, which is usually first 
dressed off or formed by one cut of the saw through the 
log or wood from which the boards are to be cut, and 
which is fixed on the traversing table below the level of 
the saw drafts by the usual gripping side * dogs ' and 
tightening screws mounted on the table, which is tra- 
versed as usual by plain-running, edge-rimmed, and 
flanged wheels or side guide-rollers on the planed 
guides of the fixed bed frame. 
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The segmental pulleys and saw are oscillated or 
reciprocated by a long connecting rod attached at one 
end to a lateral or crank pin on one of the lower seg- 
ments, and carried across the machine below the frame, 
with the other end connected to a shifting and fixing 
crank pin in an overhung disc or crank on the belt- 
pulley driving shaft, carried longitudinally in bush 
bearings either on the lower part of the stationary 
guide slide-frame at the other side of the bed plate and 
machine, or on the raising and lowering slides thereof, 
so as to rise and fall with the saw when desired, and 
fitted with compensating belt pulleys for taking up the 
slack of the driving belt when that is used for actuating 
the first-motion crank shaft. 

The table carrying the log or wood is fed forward to 
the saw much in the usual manner by a toothed rack 
on the centre of its under side, actuated by a toothed 
pinion on the inner end of the transverse reversible 
driving shaft, actuated at a slow speed to traverse the 
carriage forwards by a screw wheel on its outer end at 
the driving-gear side of the machine, turned by a screw 
on one end of a longitudinal cone pulley feed-shaft, 
shifted up out of and into gear by the raising or lower- 
ing of the screw int/O gear with the screw wheel, but 
this is also fitted with a bevel wheel, and pinion, and 
hand wheel or hand crank-shaft for feeding the table 
backward and forward by hand. 

For running the table back at a high speed, for 
making a fresh cut (or it might be forward when re- 
quired), an extra belt pulley feed-shaft may be employed, 
with two loose bevel pinions and clutches on their inner 
faces, and a shifting and reversing clutch box between 
them, the bevel wheels gearing into a bevel wheel on 
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the extreme end of the transverse feed-motion shaft be- 
fore mentioned, the clutch box being fitted with an 
engaging and disengaging hand lever,' so as to either 
throw this high-speed feed motion out of gear or into 
the back or forward gear, as desired. 

The reciprocating motion given to the saw may 
either be tha^ of a straight line in the cut, or otherwise 
it may have a curvilinear motion, preferably entering or 
cutting into the wood deeper and deeper from the side 
the saw is traversing for the time being, making the 
face of the cut of a convex curve, and this motion may 
be given to the saw either by radius bars or cams 
attached to studs or centres on the deep eye of the 
segmental pulleys and to the slide plate, so set as to 
lengthen on the in stroke of the saw, and shorten on 
the out stroke thereof, and thus slide the pulleys by 
their eyes to and fro on their axles ; or otherwise fixed 
or movable cams might be fitted on the fixed or movable 
axes of the segmental pulleys for the said purpose of 
giving this curvilineal motion to the saw. 

When it is desired to give the saw a long recipro- 
cating stroke with a short crank or reciprocating motion 
of the connecting rod, the lower segments of the saw 
pulleys (to which the connecting rod is coupled), instead 
of being of equal radius, may be of less radius than 
the upper to which the saw is connected ; and in addi- 
tion to (or instead of) the flexible or other band con- 
nected to the lower segments on opposite sides of the 
machine, a connecting rod may be attached to these by 
lateral studs in them on the opposite side to that on 
which the actuating connecting rod works. 

Although only one saw. has been described as fitted 
on the upper segments or arms of the reciprocating 
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pulleys, it will be understood that two, three, or more 
may be so fitted, each stepped and coupled below the 
other on segments or pulleys of a less radius than the 
first, corresponding to the different thicknesses of the 
boards to be cut. 

The pulleys or segmental levers carrying the saws, 
when made in the form of segments or Rectors, might 
be made of solid edge wood, or built, or of radial arms 
and side stays or tie bars of light malleable iron, to 
give great strength with lightness. 

The connecting rod also might be made of wood or 
light side wrought-iron bars for the like purpose, and 
the crank disc would have a counterbalancing segmental 
block, or a box formed on it for having lead filled into 
it to balance the weight of the connecting rod. 

In designing timber and deal frames, care should be 
taken that the main framing of the machine should be 
sufficiently strong to withstand the heavy strain neces- 
sarily put on it when running with a large number of 
saws, especially when sawing hard or frozen wood. For 
many years these main framings were constructed of 
wood, the uprights being fastened to the cross-beams of 
the saw mill itself. A considerable number of these 
wooden-framed machines are now in use in the United 
States and Canada, and do a large amount of work. In 
small-sized frames for cutting deals, &c., the standards 
and top and foundation plates are now often made in 
one casting. This certainly secures great strength and 
compactness, but they are hardly so handy for repairs, 
and are more difficult to manipulate, in the first instance, 
when on the planing machine. In all reciprocating 
machines, the working parts should be constructed to 
combine strength with lightness in the greatest possible 
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degree. In the working or swing frame which carries 
the saws, this is of the greatest importance. It is 
found that steel of hollow section is the most suitable 
material to employ, as it is capable of withstanding 
with ease the immense strain that is put on the swing 
frame when working a large number of saws in hard or 
wet wood. This strain is very great, amounting to at 
least five or six tons per saw. The total compressive 
strain that the swing frame has to bear should there- 
fore be calculated by the maximum number of saws it 
is proposed to work, allowing a considerable margin for 
contingencies, as it is found when a large number of 
saws are used, and the strain is thus multiplied many 
times over, that unless the steel is of ample section, the 
cross rails will spring considerably. 

As regards the crank shafb — which should be made 
of good wrought iron, and free from seams — the best 
form to use for general purposes is the double or bell 
crank, with a bearing placed well up to the crank on 
either side, and a third bearing on the outer side of the 
driving pulleys. By this arrangement frames are found 
to be much steadier in work. Cranks bent by hydraulic 
pressure have lately come considerably into use, and 
when manufactured in this manner they possess several 
features which render them considerably stronger than 
the ordinary * block ' crank. The gradual pressure of 
the hydraulic press as it forms the throw of the crank 
forces the ends of the shaft inwards, and the fibre of 
the iron is not strained or broken, and it runs com- 
pletely round the throw, thus rendering it equal in 
strength to the other parts of the shaft. In the ordi- 
nary block crank the fibre of the iron runs across the 
web, and is much weakened and damaged when the 
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throw of the crank is cut out, and a fracture is very 
generally found to take place in this web. The con- 
necting rod should be arranged to take hold of the 
saw frames by means of rods on either side at about 
the centre of same, as strength and ease in working 
are gained, and less depth of foundation is requisite. 
As regards the feeding arrangements, they must of 
course be adapted to circumstances. Top pressure- 
rollers for deal or flitch cutting should work independ- 
ently of one another, so that two pieces of unequal 
depth can be sawn at the same time. The bearings in 
which the swing frame works should be adjustable, 
and by preference made of phosphor bronze. A very 
good plan is to have an opening in either side of the 
uprights, and the bearings fixed nearly flush with the 
outside of the frame ; they are thus easily got at for 
repairs, lubrication, &c. When frames are run at tigh 
speeds, the connecting-rod bearings should be of phos- 
phor bronze, and especial care should be taken as to 
their lubrication, as the friction is very considerable. 
The cross heads should be forged in the solid, of best 
fagoted scrap-iron. We purpose noticing the buckling, 
sharpening, and setting the saws elsewhere. 

Our illustration (fig. 7) represents an improved 
horizontal single-blade timber frame, from the designs 
of Messrs. Worssam and Co., London. It is especfally 
adapted for the use of those cutting choice and valuable 
woods into thin boards, where it is necessary to examine 
the soundness of each board as cut ; it is also useful for 
cutting crooked or irregular timber. The timber to be 
operated on is fixed on a travelling table, actuated by 
a rack feed, which carries it through the saw. After 
each operation, by means of a quick return motion, the 
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table resumes its original position, preparatory to 
another cut. It is usual in these machines to run 
saws of a very thin gauge at a high speed, which ob- 
viates the unnecessary waste of valuable wood. The 
saw is fixed in a frame of light construction, working 
in a saddle or slide, which can be lowered or raised to 
suit the thickness of the boards to be cut. The saw, 
which requires little power to drive, can be sharpened 
and set to cut both ways of the traverse. The counter- 
shaft is, or should be, fixed on a slide, so that the 
connecting rod can always be placed in the best position 
for driving, Ac, 

Where space is an object, a single-bladed frame, 
driven vertically, is sometimes used in lieu of above ; 
but this machine has several disadvantages, as com- 
pared witii the horizontal method ; the saw cuts only 
one-half of the traverse, it requires more power, the 
work is hardly so clean or so much in quantity, and 
the log is more difficult to fix, A high-speeded frame 
should be very strongly made, the standards being well 
supported, and the whole fruming being especially 
strengthened, to overcome the excess of vibration. 
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CHAPTER Vni. 

PLANING AND MOULDING MACHINES. 

Afteb the timber has been converted by means of cir- 
cular or straight saws from the forest tree into deals 
or boards, the internal economy of a saw mill is, or 
should be, so arranged that they naturally pass on to 
the planing, moulding, and other machines, for rapid 
conversion into articles of daily commerce. Planing 
and moulding machines must, after saws, be con- 
sidered the most important of wood- working machines ; 
and as their action and manipulation are very similar, 
and are oftentimes combined in one machine, we pur- 
pose taking them together. Before proceeding to 
machines driven by steam, it may be of some interest 
to notice briefly a few of the different kinds of plane 
irons worked by hand, as it will enable ns to judge 
better of the principles involved and the work required 
to be done by a planing machine. A plane may be 
briefly described as a tool used by those who work in 
wood to produce straight, flat, and even surfaces in that 
material. Its construction and action are, however, 
too well known to need description here. There are a 
considerable number of planes, which are known by 
different names, according to their size and the pur- 
poses to which they are applied. Those chiefly in use 
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are the jack plane, trying plane, shooting plane, long 
plane, and smoothing plane. These are usually called 
bench planes. There are also rebating planes for form- 
ing rebates, the straight block for straightening edges, 
sash planes, grooving planes, &c. ; also many other 
tools, usually called moulding planes or irons. These 
are capable of producing at a slow rate a great variety 
of ornamental mouldings ; beads, hollows, rounds, 
ogees, and ovolos are those most generally worked by 
hand, where small quantities and very simple orna- 
mentation is necessary ; but at the best hand mould-^ 
ing is a very tedious and costly process, especially when 
we consider that a moulding that would take a com- 
petent workman some hours to produce can be completed 
on a good machine in less than one minute. 

Planes are necessary for the manipulation of almost 
all kinds of work in wood, and those intending using 
them, either for business or pleasure, should first of all 
understand their construction, and how they can be 
best applied ; we cannot, however, here give them more 
than a brief comment. The jack plane is used for 
taking off the rough and prominent parts from the 
surface of the wood in coarse shavings ; the plane iron 
is fixed in the stock so as to make an angle of 45 
degrees with the face of the plane. AU other planes 
are more or less similar to the jack plane, differing only 
in dimensions and smaller details. The trying plane is 
longer than the jack plane; it is fitted with two 
handles, and the iron is set ' finer,' thus cutting a 
thinner shaving. The mouth of the plane is also much 
narrower. The shooting plane is the longest and most 
correct plane used, and is employed after all the others, 
chiefly in shooting the edges of boards that have to be 
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joined togethei*. The work of these and all other 
planes, owing to their slow production and necessary 
costliness, it has been found necessary to supersede as 
much as possible, and the result is that numerous 
machines driven by steam power, and adapted for all 
classes of work, have almost entirely taken the place of 
hand labour ; therefore, where considerable quantities of 
one particular article or pattern are required, and even 
when very small quantities are used, it is found much 
cheaper to purchase from a manufacturer than to work 
them by hand. This can be easily understood, when 
we consider that the cutting action of a carpenter's 
plane can be estimated to travel, say, at some 75 feet 
per minute, whilst the cutting edge of the irons of a 
planing machine travels some 4,000 feet in the same 
time. The principles involved in the two operations, 
however, differ essentially. In the case of the car- 
penter^s plane, pushed forward by hand, a recipro- 
cating motion is obtained, whilst mp^chine cutters, as 
a rule, have a revolving or rotary motion ; some, how- 
ever, are constructed, for special purposes, with fixed 
cutters, the action of which resembles the hand 
plane reversed, the wood moving instead of the plane 
iron. 

The first reliable record we have of an attempt to 
supersede hand planing by machinery is contained in 
the patent of Hatton, dated 1776; but this seems to 
have been only a series of crude mechanical ideas, 
which were never acted on or carried into any practical 
effect. In fact, the idea or invention can hardly be 
dignified by the term * machinery.' As Bees says in his 
Encyclopaedia, we take it that machinery, or mechanical 
means to dispense with or modify the use of hand 



PLANING AND MOULDING MACHINES. n 

labour, must fulfil at least one of the following con<^ 
ditions: viz. 'that it increases the effect of a given 
finite power, so as to overcome a resistance that is 
greater, and would otherwise remain unchanged; to 
accommodate the direction of the moving force to that 
of the resistance to be overcome ; and to regulate and 
modify a variable force, so as to produce a constant 
and uniform efifect ' — these are the principal ends to be 
accomplished by machinery* If this was more fully 
borne in mind by patentees of the present day, some 
thousands of the so-called inventions would never have 
been perpetrated. 

Sir Samuel Bentham, in 1791, patented a planing 
machine, but, notwithstanding the ingenuity of the 
inventor, it did not come into general use ; it was, in 
the first place, intended to be worked by hand power. 
The principal object claimed by the patent was the 
adjusting of the plane or cutting iron, so that it could 
not but perform the operation intended, without re- 
quiring any skill of the workman, thereby rendering a 
common labourer as serviceable as the best joiner for 
this purpose. With this view, the plane iron was 
made the full width of the board, and on each side of 
it were fixed fillets, which projected below the face of 
the plane just as much as it was intended to reduce 
the board in thickness, serving also to guide the iron 
sideways and to gauge the thickness. 

The plane was kept down by its own or additional 
weights, when necessary, which latter were so contrived 
as to be capable of having their position shifted during 
the time the plane was making the stroke, the pressure 
at first acting forwards, and lastly on the hinder part, 
to prevent the fore end dipping down the instant it 
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leaves the board. By another contrivance, the plane was 
lifted up on its return, so as to clear the cutting edge 
from the wood. This was efifected by a piece of wood, 
which acted as a handle to the plane, and to which the 
power was applied. It was placed, with this view, 
upon an axle extending across the width of the plane, 
and carrying on each side a short lever, provided with 
rollers at their extremities. The handle projected up- 
wards from the plane, which, being forced forward by 
it, assumed an inclined position, as also did the short 
levers, so that their rollers then rose above the cheeks 
of the plane ; but when the latter was drawn back into 
an erect position, the levers moving with it, their 
rollers projected beneath the cheeks of the plane, and 
raised it off the bench, the plane being supported by 
them on its return. 

In cases where the boards to be planed were winding 
and irregular, 'dogs' furnished with teeth gripped the 
board on either edge and held it firmly between them. 
These * dogs ' were arranged to rise and fall, to suit 
different thicknesses of boards. Where very thin 
boards, which were liable to spring, had to be planed, 
rollers loaded by levers and weights were used, as they 
are even at the present day. Arrangements were also 
made for planing feather-edged boards. The above 
machine had a reciprocating motion, which was secured 
by a crank and wheel, turned by manual labour 5 the 
plane iron moved over the wood, and the motion gene- 
rally was intended to be an imitation of the carpenter's 
plane, as worked by hand. It was not, however, a 
success. It might have been put in motion by water or 
other power, but we believe it was never worked use- 
fully ; as an early attempt, however, to overcome the 



PLANING AND MOULDING MACHINES. 73 

labour of hand planing by mechanical means we think 
it deserving of notice. 

In the patent taken oat by Sir Samuel Bentham in 
1793, in addition to numerous other ideas, he claims 
the invention and application of an improved rotary 
planing and moulding machine. 

The chief inventions relating to planing and mould- 
ing machines claimed by Sir Samuel Bentham in his 
patent of 1793, before referred to, are as follows: — 
A cutter ^ block ' or roller, in which planing or mould- 
ing irons can be fixed, with arrangements to rise and 
fall same to suit varying thicknesses of wood. He also 
says to gain time cutters may be applied to different 
sides of a piece at once, and such of them as make 
parallel cuts may be mounted on the same spindle. 
In the fifth section of the specification relating to 
rotary tools for wood-cutting he claims *The idea of 
adapting the rotative motion of a tool with more or 
less advantage, to give to all sorts of substances any 
shape that may be required, is my own, and, as I believe, 
entirely new.' 

In reference to mouldings he says, * If the circum- 
ference of a circular cutter be formed in the shape of 
any moulding, and projected above the bench no more 
than is necessary, the piece, being shoved over the 
cutter, will thus be cut to a moulding corresponding to 
the cutter that is the reverse of it, just as a plane iron 
cuts the reverse.' In addition to numerous other in- 
ventions and improvements relating to all kinds of 
operations for working wood, Bentham in this patent 
describes the process of preparing dovetail joints with 
conical cutters, a plan which is still in use. The more 
you peruse this extraordinary specification, the more 
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wonderful it appears that the inventive genius of the 
man could grasp and set forth so tersely so many 
original ideas at the same time — enough^ in fact, to 
make twenty patents of the present day. Certainly 
Bentham may be said to have originated a very large 
share of the principles Connected with wood-working 
machinery now in operation. 

The next great improvement in planing machines 
was made by Mr. J. Bramah, of London, who took out 
a patent in 1802 for machinery, for the purpose of pro- 
ducing straight, smooth, parallel surfaces and curvi- 
linear surfaces, on wood and other materials, in a 
manner much more expeditious than can be performed 
by the use of axes, saws, planes, and other cutting 
instruments used by hand. This specification is very 
voluminous. The chief points that seem to have been 
claimed are that the wood to be planed is made to move 
in contact with the plane iron, instead of the plane 
iron being carried over the work by hand, in the usual 
way ; that the cutting tool be made to travel across 
the work in a square or oblique direction, except where 
the use of a fixed iron is necessary. He claimed also 
the application of roughing out and finishing irons fixed 
in movable frames, with screw adjustments to suit 
thickness of timber. These irons were arranged so as 
to work at variable speeds, according to the material 
being operated on. 

Acting on and improving these ideas, Bramah 
erected for the Government at the Royal Arsenal, 
Woolwich, a heavy rotary , planing machine, which 
contained several very novel features, chief amongst 
which was the arrangement of a hydraulic or hydro- 
static press, to work the movable carriages on which 
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the wood intended to be planed was supported. Its 
operation may be described as follows : — The machine 
was fixed on a solid bed of brick or stone work, rising 
about one foot above the floor line. Iron slides the 
whole length of the machine (some 40 feet) were fixed 
on these foundations ; these slides were made to incline 
some half-inch from the horizontal line towards the 
one end of the machine; at this end, beneath the 
machine, was fixed the cylinder of an hydraulic or 
hydrostatic press, having two entrance pipes, one at 
each extremity. The piston rod of this press was 
furnished with a rack, which worked a pinion under 
and attached to a wheel. Bound this and three smaller 
wheels passed an endless chain, which was regulated 
and kept to its work by means of an adjusting screw. 
A chamber containing the condensed or compressed 
water was fixed near, and the water waa conveyed by 
pipes to valves or cocks, which were so arranged that 
the water entered one end of the cylinder, and urged 
the piston forward, and the rack working on the pinion 
under the wheel gave motion to the .chain, and the 
travelling carriages which supported the wood to be 
planed attached to it. The water was then stopped, 
and permitted to enter the cylinder at the opposite end, 
thus forcing the piston and carriage back to its original 
position, the waste water in the meantime being allowed 
to escape; this gave a reciprocating motion, similar to 
that of the piston of a steam engine. The travelling 
carriages, being attached to the chain one at a time, were 
thus hauled backwards and forwards under the rotary 
planing disc. This planing disc was fixed at the end of 
a strong vertical spindle, which in its circumference was 
pierced with thirty holes, in which were fixed twenty-eight 
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gouges or cutters and two plane irons. The disc was 
kept in a horizontal position by diagonal braces, and 
was made to rotate at the rate of about 90 revolutions 
per minute, by means of bevel gearing, which was set 
in motion by a steam engine. Thus the general action 
of the machine is pretty clear, as while the carriages 
holding the wood passed from one end of the two slides to 
the other by the action of the hydraulic press, as ex- 
plained above, the planing disc was put in rotation, 
and so adjusted that the gouges and plane irons caught 
the surface of the wood as it passed under it. These 
gouges were arranged at different distances from the 
centre of the disc, and took the rough surface from the 
wood, and were followed by the two planing or finishing 
irons, which rendered the surface plane and smooth. 
The planing disc was sustained and adjusted to suit 
different thicknesses of wood, by means of hydraulic 
pressure immediately under the control of the work- 
man. 

The action of the above machine would doubtless, 
in the present day, be considered very cumbersome, 
but as an early attempt to supersede hand labour by 
mechanical means, and considering the resources at 
the command of the engineer, it must be conceded 
that the inventive genius of its designer was of the 
highest order. 

In 1803 a Mr. Bevans obtained a patent for a 
machine for cutting or * sticking * mouldings, making 
rebates, grooves, and planing flat surfaces of small 
width. This, like Bentham's first patent, was an imi- 
tation of the action of hand labour in planing. A 
number of moulding irons were fixed, either singly or 
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side by side, according to the work to be performed. 
In a frame or box these irons were arranged so as to 
form the mouldings required. The wood was fixed on 
a bench, and the box of irons made to pass over it 
lengthways by a connecting rod, communicating with 
machinery capable of giving a reciprocating motion. 
The crank which gave the reciprocating motion was 
arranged to vary the length of its stroke according to 
the work required to be done. This was done by making 
the arm of the crank to pass through a mortise in a 
strong box fixed on an axis, and allowing it to slide in 
the said box. Set screws were used to fix the length of 
the stroke as wished. 

The irons were loaded to keep them in contact with 
their work by a long beam of wood, set up on end upon 
the sides of the box, and connected therewith by being 
divided into two cheeks, which at the lower sides were 
formed to an arc of a circle, and united to the box by 
chains, in the same manner as the beams of beam 
engines are connected with their piston rods. The 
upper part of the beam was made to pass always 
through one point by sliding between friction wheels, 
or otherwise in a tube hung on two pivots perpendicu- 
larly over the centre of the work, and at such height 
as might be most convenient for the length of the 
stroke required. 

The connecting rod from the crank before men- 
tioned was jointed to the upright beam, near its lower 
end, and by this means the motion was given to the 
box of irons, the chains and arches at the bottom 
allowing it in all positions to preserve the plane hori- 
zontal. To guide the box of plane irons in a recti- 
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linear motion, and also to bear them off when thej had 
been reduced to the depth required, fences were used, 
which were irons sliding perpendicularly in tubes or 
sockets in the box or frame, and clipping a tongue or 
guide fixed in the direction of the required stroke iu 
the frame supporting the bench. 
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CHAPTER IX. 

PLANING AND MOULDING MACHINES — continued. 

ToLLOWiNG Bramah's patent, several improvements 
were introduced by Burnett, Paxton, Poyer, and others ; 
but it was not till the year 1827 that planing machines 
were . brought into extended practical use in this 
country. In this year Mr. Malcolm Muir, of Glasgow, 
invented and patented a machine of most improved 
construction. Its mechanism contained many of the 
most essential points as in use in planing machines of 
the present day ; in fact, succeeding makers, although 
introducing modifications of their own, seem to have 
entirely accepted it as their model. As its invention is 
of great interest to engineers, and marks an era in 
wood-working machinery, we give an illustration of 
Muir's first machine, with a description of it as given 
by Hebert. 

* This machine, invented by Mr. Muir, of Glasgow, 
has for its object the preparation of complete flooring 
boards with extraordinary despatch, and in the most 
perfect manner; the several operations of sawing, 
planing, grooving, and tongueing being all carried on 
at the same instant, by a series of saws, planes, and 
revolving chisels* 

^ Fig. 8 represents a plan of the machine, slightly 
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modified, to render the constrdction more easily un- 
derstood by the reader. The machinery is adapted 
for the simple planing of boards, as well as the pre- 
paration of square-joinied or plain-jointed flooring. 
We shall commence our description by an account 
of those parts which constitute a simple planing 
machine, and then proceed to describe the apparatus 
by which it is adapted to the preparation of jointed 
flooring. The planing machine consists of a perfectly 
flat and straight bench ddd^ which should be at least 
twice as long as any board intended to be prepared 
upon it. This bench is made fast to a block of stone 
c c or other solid matter, which, together with a suitable 
framing, serves to keep the tiiachinery as firm and 
steady as possible. Along one side of this bench is a 
raised guide e e, which extends as far as the circular 
saws iy i ; but only a part of it is shown in the figure, 
in order to bring some other arrangements more into 
view. About the middle of the bench a metallic plate 
a a is let in flush with its isurface, which forms a 
durable stock for the plane irons ; these plane irons are 
of the usual form, but of greater breadth than the 
boards to be planed. The projection of their cutting 
edge is effected and regulated by screws, and the num- 
ber of plane irons employed at a time is determined by 
the degree of finish required for the surface of the boards ; 
three plane irons are, however, generally used, as shown 
at hy hy hy the dark spaces being the mouths of the planes ; 
from this it will be seen that it is the lower side of the 
board that is planed, and the shavings are delivered 
under the machine. An endless pitched chain, having 
catch hooks at convenient distances, takes hold of the 
boards as they are put into the machine in succession. 
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and drags them along the bench ; the edge of one of 
the sides of each board passing under a rebate in the 
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guide or fence (as shown in the figure] prevents the 
board from bending upwards by the action of the chain. 
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while it is pressed down to the plane irons bj springs 
or weighted levers, as seen at b, b, which are mounted 
upon antifriction rollers, the axles of which are so in- 
clined as to cause the boards to be uniformly driven 
against the fence and to pass in a straight line through 
the machine. Motion is given bj a band from a large 
revolving drum, placed above the machine (not shown 
in the figure), which communicates with the drum u, 
upon the shaft of which is a pinion that drives the 
toothed wheel j^ the axis of the latter carries the 
pitched rigger t, round which the endless chain is 
passed, and stretched in a parallel direction with the 
bench, by passing over the pulley 0, at the opposite end 
of the machine ; at this place only a small piece of the 
chain is brought into view, as the introduction of the 
whole of it would hide or tend to confuse some of the 
other parts of the apparatus. The pulley z is mounted 
upon a tightening frame y which moves upon a joint 
at the lower end, the tension being increased or lessened 
by the wedges 1, 1, or by regulating screws. The 
parts we have thus described constitute a separate 
machine for the planing only of boards. For the 
preparation of plain or square-jointed flooring boards, 
the following additional apparatus is brought into 
operation. A part of the fence e is slightly hol- 
lowed from the direct line of the bench, to admit of 
projecting inequalities in the edges of the boards; 
these are removed by irons or cutters fixed on a hori- 
zontal revolving plate/, the periphery of which enters 
an aperture in the fence e ; and it is on the edge of the 
board presented to this side of the machine that a 
tongue or feather is formed when required. To pro- 
duce this effect two circular saws, g and A, are used, 
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one of which, gf, revolves under the board, and cuts it 
upward ; the other, A, revolves above the board, and 
cuts it downwards, to such a depth only on each side 
as to leave a tongue or feather of the required thick- 
ness uncut. By the progressive motion of the board it 
next passes under the operation of two circular saws i, 
one only of which can be seen, as the other is directly 
underneath on the same spindle, and separated only by 
a ring or washer, which is of the same thickness as the 
tongue. These saws, acting horizontally, or at right 
angles to those at g and A, cut off the superfluous wood, 
and leave the tongue projecting from the board com- 
pletely formed. The opposite edge of the board is cut 
parallel to the other by a circular saw A; revolving 
vertically, which is called the ^^hreadthing^^ saw; a 
guide fixed to the head of 0, which supports the spindle 
of this saw (but which cannot be seen in the figure), is 
so placed as to conduct the superfluous pieces, separated 
from the boards by the saw &, underneath the circular 
saw I ; the slips are thus removed out of the way of 
the latter saw and preserved. The saw I revolves hori- 
zontally, and is called the " grooving saw ; " it is con- 
siderably thicker than ordinary circular . saws, and has 
long teeth to admit of their receiving a " set *' to cut 
put the whole of the required groove at one operation. 
The spindle head which carries the grooving saw is 
adjusted and fixed by screws to a bracket attached to 
the head 0, the latter being placed in slides, which 
keep it steady, and conduct it in a parallel direction 
when moved to or from the bench. All the parts that 
operate on this edge of the board being thus connected, 
advance or recede together. This movement is effected 
by means of a screw fitted with collars to the fixed 

o 2 
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puppet 3, and working in a nut in the back part of the 
head o ; the screw is turned by the handle n, and an 
index on the head o points out the relative position of 
the circular saw Ic with respect to the other side of the 
machine, and consequently indicates the various breadths 
of the finished boards by pointing to a divided scale of 
inches and parts fixed upon the block c. All the saws 
are fixed on to the spindles in the ordinary way, by 
screws, nuts, and washers; but the spindles are con* 
siderably thicker than usual, to admit of their being 
fitted with cutters or irons, which, by cutting hori- 
zontally, rebate the superfluous thickness of the board 
to a sufficient extent from that part which is destined 
to form the under side of the floor in all flooring boards. 
The heads, which carry the vertical saws jf, A, are placed 
on slides fixed to the block ccc, their horizontal posi- 
tion being adjusted by regulating screws, worked by 
the handles p and r, and their spindles elevated or 
depressed by proper adjusting screws. Motion is com- 
municated by endless bands from a large drum wheel 
above the machine, such bands embracing all the vertical 
saw pulleys, and also the rigger or pulley w of the in- 
termediate shaft vwy and this intermediate shaffc, by 
means of half crossed or twisted bands 4, 4, gives 
motion to the horizontal saws i and Z. The circular 
plate or plane /is also impelled by another half-twisted 
band 5, from a pulley 6, on the axis of the saw g. The 
power which impels the whol^ machine is derived from 
a steam engine or other prime mover applied to the 
shaft of the large drum wheel before mentioned.' 

A number of these machines were made and erected 
by Mr. Muir in Glasgow and other towns, and were 
in operation for many years. Mr. John McDowall, 
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of Johnstone, near Glasgow, made a number of ma- 
chines on Muir's model, and afterwards introduced 
several modifications and improvements of his oWn, 
for which he obtained a patent in the year 1836. The 
chief of these improvements consisted in the introduc- 
tion — in the place of the endless-chain feed, which, 
when planing thin stuff, had a tendency to tear the 
wood— of two pairs of rollers at the front and back of 
the machine, to feed the boards through the cutters, 
by means of j&ictional pressure. The rollers were 
turned and made to act like the rollers of a calendering 
machine ; the upper ones were held down by weighted 
levers, which gave them an iiicreased grip on the wood 
which passed between them. The rollers were found 
to answer their purpose well, and the thinnest boards 
were carried through the machine without difficulty. 
Another improvement was the introduction of a new 
method of cutting tongues and grooves on the edges 
of the boards. Muir employed four saws for this pur- 
pose, one cutting up> another cutting down, and two 
cutting in, so that two strips are cut off the sides, 
leaving the tongue or feather in the centre ; this plan 
did not act well when working on thin wood. Mr. 
McDowall substituted a set of rotary cutters fixed on 
vertical spindles ; these cutters were made the exact 
size of the tongue or groove required, and being placed 
on either side of the machine in brackets working on a 
slide, oould be adjusted by means of a screw and hand 
wheel to suit varying widths of boards ; this plan is in 
use at the present time. Mr. McDowall also, a few 
years later, introduced several other modifications in 
these machines, including a silent feed motion with 
differential action, and an arrangement of combined 
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roughing and finishing cutters for thicknessing; The 
feeding motion was a decided novelty. As the deal 
entered the machine to be cut it passed beneath a set 
of feed cams, which nipped the wo^Td and carried it con- 
tinuously forward. This feed arrangement consisted 
of horizontal traversing plates of metal, tongued at 
opposite ends, to slide freely in corresponding grooves 
in the top plates of the standards, and upon these plates 
a pair of vertical parallel standards were attached ; 
these standards were connected at their upper ends by 
a light cross-bar. Each standard was slotted down its 
centre, to receive and guide the traversing nut-bearings 
of the cross cam-spindle. A screw was passed down 
from above and through the nut-bearings, so as to allow 
the cam spindles to be set up or down. Each cam 
spindle had an eccentric cam loosely hung on it by an 
eye, the cam eye being fixed against an adjustable 
collar. Thus a^anged, this nipper feed formed a com- 
plete traversing frame capable of free horizontal move- 
ment. 

The primary movement was given to these nipping 
feeders — of which there were six altogether, three at 
each end of the machine — by a toothed pinion on the 
first motion shaft. This pinion geared into a large 
toothed wheel set on a cross shaft, and carrying a 
second pinion in gear with a second spur wheel, fast on 
the actuating cam-shaft. On this shaft three separate 
cams or differential eccentric pieces were keyed. Over 
the periphery of each cam was set an anti-friction 
pulley, carried on the horizontal arm of a bell-crank 
lever, the three bell cranks being carried loosely on a 
stud shaft. The long vertical arms of these bell cranks 
were connected by eyes at their lower ends to their 
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respective rods, whicli were severally linked by end and 
intermediate eyes to the bottom of each of the nipping 
frames. The three cams were so set at starting that 
they each acted at different periods of the revolution 
of their shaft in such a manner that an uniform feed 
motion was given to the board passing through the 
machine. This method of feeding the timber, although 
ingenious, had several objections, and has long been 
disused, but it certainly deserves a passing notice. 

About the year 1847 several improvements in the 
method of operating planing and moulding machines 
were introduced in America by John Cumberland and 
others. A great number of the machines hitherto con- 
structed in America were built with cutters working on 
a vertical axis, as first patented by Bramah in this 
country in 1802, Numerous alterations and modifica- 
tions were, however, introduced, which rendered this 
class of machines much less complicated and cumber- 
some; among these may be noticed an improved re- 
versing gear fitted to the travelling table which passed 
beneath the rotating cutters. This consisted of two 
spur wheels, one twice the diameter of the other, 
gearing into a worm wheel. The opposite ends of the 
shafts upon which these wheels were keyed, rested on a 
screw, so centred that when one is raised the other is 
lowered; small pinions upon them are then brought 
into gear alternately with the rack fixed on travelling 
table as required — the larger wheel giving the slow 
forward motion, and the smaller the quick return mo-, 
tion, to the travelling table carrying the wood to be 
planed. 
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CHAPTEE X. 

PLANING AND MOULDING MACHINES — COntiv/Ued. 

Peevious to our Exhibition of 1851 considerable pro- 
gress was made in the United States in planing and 
moulding machineiy. Its rapid development was, how- 
ever, much retarded by the tyrannical operation of the 
holders of several patents, chief amongst which vras 
that known as the ^ Woodworth planer.' This patentee, 
it seems, claimed in America the introduction of the 
combination revolving cutter-blocks and roller-feed 
motion for planing wood. The validity of this patent 
was contested for many years. One part of the patent, 
viz. the roller-feed arrangement, was known in this 
country many years before. (See patents granted to 
Charles Hammond, London, 1811, and Burnet, for im- 
provements in machinery for planing wood, 1839.) 
Notwithstanding these difficulties, Messrs. C. Eogers 
and Co., of Norwich, Sellers and Co., of Philadelphia, 
Fay and Co., of Cincinnati, Whitney, Woods, and 
other American houses, added materially to the ad- 
vancement of this branch of manufacture, as exempli- 
fied in our Exhibitions. 

American planing machines are chiefly constructed 
after two models, known as the Woodworth and the 
t>aniels planing machines, though of course modified or 
combined according to requirements or nature of work. 
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The Woodworth machine was patented some forty 
years since, and its functions answer almost entirely 
with our own roller-feed machines combined with re- 
volving cutter-blocks. The Daniels planing machine 
answers in its action to the one invented in this 
country by Bramah, which we have before described, 
it having a horizontal arm fitted with a cutter at either 
end, and is made to revolve over the timber as it passes 
beneath fixed on a table which is driven by a rack and 
pinion or other suitable gearing. The travelling bed 
of the Daniels machine is sometimes combined with 
the revolving cutter-block and feed rollers of the Wood- 
worth ; it then answers to our trying-up machine with 
an additional roller feed. This combination has the 
double advantage of being both a surface dresser and 
being able to plane timber out of ' wind.' 

The Daniels or traverse planing machine is chiefly 
used in the heaviest class of railway or waggon work, 
or where timber is twisted or warped, and where it is 
necessary to take it out of * winding.' In point of fact, 
machines coustructed with a travelling table are the 
only true planing machines. The arm or disc in which 
the cutters are placed revolves in a horizontal plane, 
and the cutters attack the wood at right angles to the 
grain. With this class of machine no difficulty is expe- 
rienced in working any kind, size, or condition of ma- 
terial. When very thin stuff has to be planed, weights 
or pressure rollers are used. The main framings of 
these machines are usually constructed in America of 
wood ; the table, however, travels on a planed cast-iron 
bed. The cutter arm has vertical adjustment to suit 
varying thicknesses of wood, and the cutters are in 
operation during either traverse of the table. 
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The Woodworth planing machine, with its varions 
modifications, possesses many features of interest, and 
some of the machines constructed by the leading 
American houses are extremely complete in their every 
detail. A short description of one, with additional 
improvements patented by J. A. Fay and Co., of Cin- 
cinnati, in 1862 and 1868, may not be out of place. 
The machine under notice is of recent construction, and 
one of the heaviest of its class. 

The cutter blocks are made of wrought iron, and 
arranged to carry two, three, or more planing irons, 
and are fitted with steel lips, which form a back, to the 
ordinary iron, similar to the hand plane. The journals 
to carry the cutter blocks are of steel, proportioned in 
diameter to the weight of the cutter block and power 
of the machine. The bearings are made in length 
about five times their diameter, and lined with anti- 
friction metal; they are fitted with self-oiling boxes. 
Machines which are also arranged for moulding are 
fitted with an adjustable swinging pressure bar. The 
horizontal cutter-blocks have vertical screw adjust- 
ments. The vertical or side cutter-block spindles are 
made with three wings and of gun metal, and are fitted 
with a patent clip for matching, and constant lubri- 
cation is especially secured to both vertical and foot- 
step bearings. The vertical cutter-block spindles are 
fitted to a frame arranged with vertical adjustment, 
and can be lowered beneath the bed of the machine 
when it is required to use it as a surface planer only. 
The feed rollers, of which there are four or six, accord- 
ing to the size of the machine, are of large diameter, 
and are all driven in pairs by expansion toothed gear- 
ing, which * gives' to uneven timber about three-fourths 
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of an incli in 24 inches, and thej are adjustable to 
different thicknesses. They are also arranged with a 
dead-weighting attachment, acted on by levers placed 
beneath the machine, and fitted in pivoted bearings, 
thus securing an equal pressure when working irregular 
timber. The upper cutter block is fitted with a spring 
pressure roller before the cut, and a yielding pressure 
bar after, which eflfectually resists excessive vibration 
of the wood when under the action of the cutters. This 
pressure bar is easily adjusted and is fitted with a 
gauge. The bottom cutter block is so arranged that 
the discharging roller carries the timber right through. 
These rollers can be swung out of the way when the 
bottom cutter block requires any alteration. 

For gauging the depth when cutting beads a pa- 
tent attachment is fitted into the pressure bar over the 
under cutter block, which gauges from the face of the 
board being worked. A roller guide for keeping the 
timber up to the fence is also fitted, together with 
changes of feed for hard or soft wood, which is started 
or stopped by a double pulley-feed belt-tightener. All 
bearings are fitted with large oil chambers, and the 
gearing with guards. Fast and loose pulleys of varying 
diameters are fitted to the countershaft. It will be 
gathered from this short description that the modern 
American Woodworth planer, in the completeness and 
easy adaptability of its many details, is a wood- working 
machine of the most advanced type. 

In connection with planing machines, in addition 
to the ordinary method of feeding by geared rollers, 
the endless revolving apron or fiexible chain bed feed is 
used considerably in America. This was invented by 
James Farrar some five-and-twenty years ago. It con- 
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sists of a series of cast-iron slats or bars flexibly 
connected together, and made to revolve over rollers 
at either end of the machine by suitable gearing. It 
passes under the top cutter-block, and the bearing 
surfaces over which it slides are usually made of chilled 
iron ground smooth. The usual pressure rollers keep 
the timber firmly on the apron. For surfacing purposes 
it has Eome advantages, and is a rapid and powerful 
feed, but requires considerable care in its manufacture 
and manipulation, as the heavy friction to which it is 
subject, unless carefully guarded against, would ne- 
.cessarily cause its early deterioration. 

Amongst the other American planing machines may 
be mentioned those of C. B. Sogers and Co., and B. D. 
Whitney, both of whose machines possess some inte- 
resting features. In one of Whitney's machines, espe- 
cially adapted for re-finishing or scraping hard woods, 
the finishing cutters are fixed at right angles to the 
wood in movable drawers, and the wood is forced over 
them by powerful feed rollers. (See illustration, fig. 10). 

Following our Exhibition of 1861 Mr. Samuel 
Worssam, of London, constructed a planing machine 
with roller feed which embodied several novelties. In 
the place of a larger number of small rollers he used 
two pairs only, of extra large size — ^some 2 feet diameter, 
we believe — and turned smooth on the surface ; these 
rollers were driven by heavy spur gearing. The timber 
was operated on all four sides, the under cutters were 
placed between the first and second pair of feed rollers ; 
these cutters consisted of one pair of revolving cutters 
for * roughing out,' and two fixed cutters, set at an 
angle of 45 degrees ; and, projecting slightly above the 
bed of the machine, these cutters gave a finishing. 
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smootli surface to the wood. These fixed cutters were 
fitted into cast-iron drawers, which could be pulled out 
and replaced as required. The wood was held down on 
them by means of weighted levers, and the whole 
arrangement was very compact. Mr. Worssam also 
brought out, a few years afterwards, a machine, on 
Bramah's principle, for surfacing and squaring up tim- 
ber ; it was, however, smaller and less complicated. In 
place of the ordinary gouges or cutters, Wilson's patent 
cutters were used (patented 1857). These consist of 
cylinders of cast steel, turned cylindrically and bored 
conically ; the lower edge of gouge is chamfered on the 
outer side to form a cutting edge on the inner circum- 
ference. The gouges are fixed at an angle to the 
revolving circular disc, and the chips escape through 
the centre of the gouges, which are widened at their 
upper end. When they become blimt or broken, they 
can readily be turned in their socket, thus presenting a 
fresh cutting edge. 

In the year 1853 a Mr. William Hunter, of Glasgow, 
introduced a method of planing wood on the principle 
of the action of a circular saw ; the planing tool con- 
sisted of a fine-toothed circular saw, having a ^ dished ' 
centre — ^that is, a slight concavity in the centre, similar 
to a very shallow plate or saucer. This saw was caused 
to revolve at a very high speed, and the wood was 
passed between it and a fence. The object in ^ dishing' 
the saw was to allow only a narrow circumferential 
portion near the teeth to bear on the wood in cutting ; 
the saw ran without ' set.' The inventor also claimed 
a modification whereby a single saw may be made to 
plane two contiguous sides of a piece of wood ; the saw 
in this case was constructed with a double ' dish,' or a 
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thick edge, with a centre sunk in or thinned off for 
clearance. We have never seen a saw of this construc- 
tion in use for planing, so cannot speak as to its opera- 
tion. Discs, with cutters projecting slightly beyond 
the surface of the disc, near the periphery, are now used 
for rough planing with more or less success, and we 
shall take an opportunity of noticing this, method else- 
where. Some improvements in the feeding and general 
arrangement of details of roller-feed planing machines 
were patented by Nelson Barlow in 1855. 

About the year 1866 Mr. Henry Wilson, then 
manager for Messrs. Powis, James, and Co., London, 
brought out a simple planing and moulding machine. 
For the feeding arrangement, in the place of all smooth 
rollers, he made the upper ones fluted, to increase the 
bite on the wood. The pressure on the wood was 
effected by means of a single weighted lever, with beams 
to distribute the pressure equally on the rollers. 

Messrs. Eobinson and Sons, of Eochdale, also about 
this time brought out a new moulding and planing 
machine, the chief novelty of which was that the spur 
wheels which drove the feed motion were actuated by a 
worm motion with four speeds. One of these machines, 
in which, however, were embodied other improve- 
ments, was exhibited in our International Exhibition 
in 1862. Messrs. Forrest and Barr, of Glasgow, also 
exhibited a planing and moulding machine. The feed 
consisted of a series of smooth friction rollers, geared 
together by long-toothed wheels. The upper friction 
rollers were adjusted by means of screws, and the pres- 
sure was applied to them by means of spiral springs. 

Our illustration (fig. 9) represents a side elevation 
of a wood-planing machine from the designs of Messrs. 
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John McDowall and Son, of Johnstone. The timber is 
fed by means of four pairs of turned rollers, and the 
top ones are arranged to rise and fall to suit varying 
thicknesses of wood. Plane irons, fixed in a movable 
plane-box or drawer, operate on the under side of the 
timber, which, when rough or dirty, is first prepared by 
a set of revolving irons placed in front of them. A pair 
of revolving plane-irons operate on the upper surface of 
the wood, whilst two sets of plane irons^ fixed on vertical 
spindles, act, at the same time, on the edges ; thus the 
whole four sides of a board are planed at once. 

The blocks carrying the side spindle cutters are 
made removable, to facilitate the sharpening or setting of 
the cutters. For driving the machine two countershafts 
are used. One of them is placed at the delivery end of 
the machine, and is fitted with fast and loose pulleys, 
which are driven from the main mill shaft, and pulleys 
are also fitted on this countershaft, to drive the top 
and side cutters and feed motion. Another countershaft, 
with pulley to drive the bottom cutters, is usually placed 
underneath the machine. The bottom-feed rollers are 
fitted with bushes, beneath which a 'liner' can be 
placed to raise them, should they, through wear, sink 
below the surface of the table. The whole machine is 
strongly made, and is arranged to work timber at speeds 
varying up to 60 ft. per minute, according to the variety 
or condition of wood being operated on. 
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CHAPTEE XI. 

PLANING AND MOULDING MACHINES — Continued. 

In the year 1864 Mr. Henry Wilson, of London, pa- 
tented some very valuable improvements in connection 
with moulding and planing machines, the most im- 
portant of which was a variable feed arrangement, 
which consisted of a disc wheel, from which, by toothed 
gear, the grooved rollers for advancing the wood to 
the cutters are driven ; motion was imparted to this disc 
wheel by means of a clothed friction pulley, fitted on 
a shaft with a feather, along which the pulley was free 
to move, so as to act on the disc wheel at any desired 
distance from the centre. By regulating the position of 
the friction pulley, so will the feed be altered ; the nearer 
the pulley is brought to the centre of the disc, the 
greater will be the speed of the feed. Included in 
this specification was an improved method of mounting 
the vertical or side-cutter spindles; these were fitted 
in movable frames, with curved slots, which are 
capable of being set by means of screws or otherwise, 
so as to allow one or both of the spindles to work at 
any required angle. This plan is found of great value 
when elaborate under-cut mouldings, hand railings, &c., 
have to be turned out. 

In the International Exhibition held in Paris in 
1867 an advanced type of planing machine was exhi- 
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bited bj Whitney in the American section ; a machine 
also for further finishing the planed boards by means of 
scraping was also shown. This was done by forming a 
burr on a fixed plane-iron which projected slightly above 
the level of the table of the machine, and over which 
the wood was forced by means of geared rollers. Thia 
machine, improved by Eichards, we illustrate (fig. 10). 




In 1868 Mr. Samuel Worssam, jun., obtained a 
patent for improvements in planing machines, known 
as ' trying-up ' and ' squaring-up' machines, whereby 
in addition to their ordinary work, they were rendered 
capable, when desired, of simultaneously working on 
three sides of the timber under operation. This was 
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secured by mounting in a suitable frame a pair of ver- 
tical spindles with cutters, with a pair of 'feed rollers. 
These spindles and feed rollers had a rotary motion 
given them, and were so arranged as to be easily moved 
out of the way when the edges of the timber, being 
worked, were not required to be operated on. 

Messrs. Western and Co., London, have latterly 
made several improvements relating to planing ma- 
chinery, for one of which they took out a patent in 
1873. This invention related to apparatus for planing 
wood true on the face, and at the same time tonguing 
and grooving its edges, more particularly applicable in 
the preparation of parquet flooring. The table of the 
machine consists of an endless chain of plate links, 
caused to travel between two guides, and provided with 
edged * dogs ' for holding the pieces of wood, which 
are passed between revolving edge-cutters for grooving 
and tonguing, and under a planing disc, mounted on a 
vertical spindle, not over, but at the side of the wood. 
The wood, after being operated on, is released from the 
front * dog ' by the bend of the chain over the chain 
wheel, and from the back * dog ' by the withdrawal of 
the latter when it reaches a fixed stop. In the same 
year Mr. Bernard Clark, of Birmingham, took out a 
patent for some improvements in squaring-up and 
surfacing machines. These improvements consist chiefly 
of a series of small rotating discs or holders, which 
carry cutters for removing superfluous wood, and 
brushes or toothed cutters for producing a smooth sur- 
face on the wood operated upon, and are combined 
with a circular frame to which rotary motion is given. 
By the rotation of the frame and the discs or holders 
the tools are made to describe a series of nearly circular 
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curves, which motion, combined with the rectilinear 
motion of the wood under the cutters or tools, is cal- 
culated to produce a truth and smoothness of surface 
unattainable by the ordinary surfacing machines. 
Modifications can be attached to a frame having either 
a rectilinear traverse motion or a vibratory or oscillat- 
ing motion about a centre. The tools and wood to be 
operated upon may work in horizontal, vertical, or 
inclined planes. 

-< In the recent International Exhibition at Paris 
several machines for planing and moulding were ex- 
hibited, some of which contained features of interest. 
A patent combined hand and power feed surface plan- 
ing machine, exhibited by J. A. Fay and Co., of Cin- 
cinnati, U.S.A., is a valuable tool and well worthy of 
notice. (See figs. 11 and 12.) The main frame of the 
machine is cast in one piece. The planing bed consists 
of three separate tables; the centre one has vertical 
adjustment to suit different thicknesses of timber ; 
the end tables have both lateral and vertical adjust- 
ment. The self-acting feed consists of powerfully 
geared rollers, and when required to be in use the 
tables are lowered below the cutter blocks, and the 
wood fed under the cutters in the usual manner. 
When it is desired to plane by hand feed, the bonnet 
and pressure bar are removed and the end tables 
are raised above the cutter block, and these tables 
having lateral adjustment, the size of the opening 
over the block can be regulated. The bearings of 
the cutter block are stationary. The block is fitted 
with three planing cutters, and is furnished with steel 
lips. The tables are so arranged that the cutting 
edges of the knives project slightly above their surface, 
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and the wood is passed over them by hand, for the 
guiding of which a fence is provided. The machine 
will plane long or short stuff up to 24 inches wide 
from ^ inch in thickness, and will surface straight or 
tapering work, make glue joints, and will bevel, cham- 
fer, &c. The timber can be fed from either end of the 
machine, and the depth of cut is regulated by a gauge 
and pointer. The cutter block is speeded to make 
4,000 revolutions per minute. 

Messrs. S. Worssam and Co., of London, exhibited a 
trying-up machine, in which the pressure rollers for 
holding the wood down on the travelling table, which 
are usually placed before and behind the cutter-block 
slide, are here both brought in front, thus securing a 
greater and more uniform pressure at the point where 
the cutter strikes the wood, which is an improvement. 
The cutter-block spindle ran in centres, but this plan 
can hardly be commended for the heavier class of ma- 
chines. The travelling table is fitted with double rack 
gear, thus securing always an adequate bearing for the 
teeth of the driving pinion. A compact little thin- 
stuff surface-planing machine was shown by Messrs. 
Bobinson and Son, of Bochdale ; it was adapted to 
plane wood | inch thick at 60 feet run per minute, but 
the rate of feed could be varied according to the 
nature of the wood. The wood is fed by means of six 
plain rollers driven by toothed gearing, which force it 
over a fixed iron fitted into a movable drawer. 

The roller-feed planing machine exhibited by 
Messrs. Gibson and Son, of Jonsered, in Sweden, al- 
though not possessing any great novelty in its general 
design and construction, attracted some attention. It 
appeared to be built more or less after American models. 
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The feed consisted of geared fluted rollers, adjusted by 
spiral springs and a distributing lever. The wood is 
first attacked by a revolving under-cutter, and then 
passes over a fixed knife fitted in a drawer and between 
two vertical side-cutters, and finally beneath the top 
cutter. This arrangement of the cutters is somewhat 
of an improvement, as a good bed is furnished for the 
bottom of the wood, and the edges are well dressed up 
before the final finish is put on the surface by the top 
cutter. The cutter blocks are made movable, and an 
additional cutter block is fitted for matching. The 
cutters are made in sections and fitted in mortise slots. 
The framing and general construction of the machine 
is very light as compared with English models. 

In the Norse section Messrs. Jensen and Dahl 
showed a planing machine with spindle pulleys of extra 
large diameter, but with what object we are at a loss 
to see, as the friction to belts, &c., would thus be 
much increased. In the French section F, Arbey, of 
Paris, exhibited a trying-up machine, fitted with Mares- 
chal and Godeau's patent spiral or twisted cutters. The 
advantage claimed for this form of knife is, that the pitch 
of the knives is so arranged that the end of one comes 
opposite to the beginning of the other, thus giving a 
continuous cut during the whole revolution of the cutter 
block. As part only of the whole length of the knives 
strikes the wood at the same time, the vibration is 
considerably lessened ; and as they always present the 
same cutting angle to the wood, cross-grained and 
knotty stuff can be worked. The knives used are very 
light, being from one to two millimetres in thickness ; 
they are, however, somewhat more difficult to manage 
than the straight knives ; but an arrangement is fitted 
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to this machine where, by means of a revolving emery 
wheel, they can be sharpened in their places on the 
block. The machine was fitted with a chain feed — a 
method which seems to be somewhat in favour for 
many kinds of machines in France — and the wood was 
secured on the travelling table by longitudinal ^ dogs.' 
A panel planing machine, with plain roller feed, to 
work 80 centimetres wide, was shown by Messrs. 
Crerard, of Paris. Instead of using two long planing 
irons, extending the whole width, eight short ones were 
arranged in succession, two on each side of the cutter 
block; this plan, although causing a little more trouble 
in adjusting, simplifies very much the operation of 
sharpening, as considerable difficulty is often expe- 
rienced in keeping irons of very great width in satisfac- 
tory condition. Amongst recent improvements in 
planing machinery may be mentioned also those 
patented in 1878 by Mr. Eichard Shill, of London. 
These improvements are more especially adapted for 
those machines arranged for planing blind laths and 
similar light work on all four sides at once, and the 
novelty consists in so arranging a series of fixed or 
hand plane cutters that the cutting action of the 
machine is not dependent on a high rate of speed, as 
is the case with revolving or rotary cutters, thus en- 
abling the machine to be driven either by hand power 
or steam, as desired. The cutter for planing the under 
surface of the wood is fixed in an adjustable drawer, 
fitted in the table of fche machine in the usual manner ; 
the top cutter used for planing the upper surface of 
the wood, instead of revolving, as in most machines, is 
also stationary, and is fixed in a block or frame arranged 
in such a manner that it is capable of adjusting itself 
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whilst in operation to the varying thicknesses of wood 
being planed. One of the cutters used for planing the 
edges of the wood is fixed in the guide or fence, whilst 
the other is made automatically adjustable to varying 
widths of wood by means of a spring. The wood is 
fed by means of pressure rollers in the usual manner, 
and the weight of the frame or block carrying the top 
cutter is also utilised in keeping the wood in contact 
with the bottom cutter whilst planing the under sur- 
face. If the machine is actuated by hand power, the 
inventor proposes to give the necessary rotary motion 
to the feed rollers by means of a handle or a fly wheel 
and belt. For the lightest class of work, especially 
where steam is not available, this machine should 
possess several features of utility. An illustration of 
it will be found (fig. 13). 

Having thus briefly sketched the history of the in- 
vention and introduction of planing and moulding 
machinery in this country, we shall now proceed to 
discuss the chief features of this class of machines as 
at present in use. Although a larger number of ma- 
chines are made, and specially arranged or modified to 
suit varying circumstances or descriptions of work, the 
principles involved in the cutting operation of planing 
and moulding machines are but three, and may be 
classed as follows : — First, and most important, those 
machines having their cutters fiLsed in revolving blocks 
or spindles ; second, those machines having their 
cutters fixed in a rotating cross-head or disc (known 
as Bramah's principle) ; third, those machines having 
fixed irons only, and where the wood is forced over 
their cutting edge. 

The principle of fixing cutters to revolving blocks 
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or spindles is the one in moat general use, and is, on 
the whole, the most advantageous for all ordinary 
classes of work, and will turn out a ranch larger quan- 
tity than any other system. In designing, m the first 




place care should be taken to secure sufficient strength 
and stability in the main framing of the machine to 
overcome the strain and vibration caused by the high 
rate of speeds it is necessary to run at. For all the 
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smaller-sized machines at least, the framing should be 
on the ^ box ' principle, and even in the largest sizes 
the framing should be in as few pieces as possible. 
To obtain compactness, however, the working parts 
should never be crowded together, as it often neces- 
sitates running intermediate driving belts at short 
centres, and other evils. 

One of the most important elements necessary to 
secure the successful working of these, as well as other 
wood- working machines, is to obtain a reliable arrange- 
ment for feeding the timber through the machine^ as, no 
matter how well designed or accurately made a machine 
may be, unless the timber passes through the machine 
steadily and without slip, and at a speed that is best 
suited to the class of wood being operated on, the 
quality and quantity of the work turned out are un- 
satisfactory. Chain and other methods of feeding were 
at one time in use, but the two arrangements now 
almost universally used are the roller and rack feeds. 
The latter, however, is confined to those classes of 
planing machines known as *trying-up' and *squaring- 
up* machines. Whether the rollers employed are plain 
on the surface or fluted, the grip on the wood and the 
feed is improved by driving the whole of them. Some 
makers drive only the upper series of rollers, leaving 
the lower to be made to revolve by the pressure of the 
wood being planed. In all large-sized planing or 
moulding machines the table of the machine should be 
a fixture, and the upper cutter-block arranged to rise 
and fall to suit varying thicknesses of wood. 

We have seen a plan of placing all the cutter blocks 
on one side of the machine overhanging their bearings, 
and arranging the table to rise and fall. This may 
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answer very well for small machines, where the strain 
is not great, but for large machines, owing to the heavy 
and unequal strain on the spindle bearings nearest the 
cutter blocks, it cannot be recommended, as when the 
bearings wear, the vibration and the consequent jar on 
the wood being planed are excessive, leaving its results 
in a series of undulations. The cutter-block spindles 
should be of steel, and not unduly heavy. A good plan 
to pursue is to forge the spindles and blocks revolving 
horizontally in one piece, and make the blocks on the 
side-cutter spindles movable. The cost of a tough steel 
for use in spindles is very little in excess of that of 
iron, and has the advantages of presenting a better sur- 
face to the bearings, and the spindles can be made of 
less weight. 

In some machines of recent construction a duplicate 
set of top cutter-blocks and cutters have been intro- 
duced, with the object of allowing the first set of top 
cutters, under which the wood passes, to do the rough 
heavy work, and pass on to a second set of cutters, 
which are made to revolve at a much higher speed for 
the purpose of producing a fine surface or finish on the 
board. 

The cutter-block spindle bearings should be of 
phosphor bronze, and made extra stout and long, and 
the oil ways should extend nearly the whole length 
of the bearings, and a constant supply of oil kept up. 
It is of the utmost importance that these spindles 
should be fitted to their bearings with the greatest 
accuracy, as the friction and vibration caused by the 
high rate of speed at which it is necessary they should 
run is excessive, sometimes engendering enough heat 
to cause the lubricating oil to take fire. When possible, 
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these bearings should have guards or shields to protect 
them from dust and grit. All large-sized cutter block3 
should have bearings at their either end, as it is found 
that when operating on heavy work the cutter-block 
spindles are apt to spring if they are supported by a 
single bearing only. Special care should also be taken 
in designing these machines, with the arrangement for 
holding down the wood being planed or moulded, as 
should it be allowed to vibrate even in a slight degree^ 
the finished work is unsatisfactory. 

The cutter blocks with their irons on either face 
should be made to accurately balance each other, or a 
waviness or irregularity in the finished work is the re- 
sult. It is found a good plan to place the pressure 
apparatus for holding down the wood as near as possible 
to the cutter blocks, as it is thus enabled to make its 
controlling action felt to greater advantage than if 
placed a little distance from the point where the force 
is in operation which causes the vibration or ^ spring ' 
it is designed to counteract. 

The cutter block operating on the under surface 0% 
the wood should be placed in advance of the block 
operating on the upper surface, as a smooth face is* 
thus secured for the wood to travel on whilst passing 
beneath the upper or most important cutters. The 
countershafts should be placed at one end of the 
machine, to give a clear space to the workman. The 
cutting edge of planing and moulding irons should be 
speeded to travel about 6,000 feet per minute. 

Our illustration (fig. 14) represents a well-designed 
planing machine, from the works of Messrs. A. Ean- 
some and Co., London. It is a powerful machine, and 
adapted for work of the heaviest class. The main 
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framing is cast in one piece, giving great stability. 
The wood is fed by means of three pairs of large feed 
rollers, all of which are driven. The top rollers, with 
pressure apparatus, can be raised or lowered at will by 
turning the handle fixed at the front of the machine. 
The mode of equalising the pressure of the feed rollers 
on the wood to prevent slipping is good* This is done, 
as will be seen by the illustration, in a' simple manner, 
by levers and weights actuating other distributing beams 
or levers, which act on the entire length and width of 
the timber being planed. 

A specialty of Messrs. Bansome's is that they speed 
most of their machines to run at a very high velocity ; 
the machine under notice is speeded to plane, groove, 
tongue, or edge at the rate of 70 feet per minute. To 
enable this to be accomplished without very serious de- 
triment to the wearing powers of the machine and to the 
quality of the work turned out, it is necessary that the 
working parts of the machine should combine strength 
with lightness in the highest possible degree. They 
therefore forge the cutter blocks and spindles in one 
piece from a tough quality of steel, the bearings are 
made of extra length, and especial care is taken in the 
workmanship and lubrication. Whether this entirely 
removes the objections urged against excessive speeds 
we will not here offer an opinion. Extra vertical 
spindles can, if wished, be fitted to these machines, for 
striking beads. 

Our illustrations (figs. 15 and 16) represent a mould- 
ing and planing machine with the improvements 
patented in the year 1864 by Mr. Henry Wilson, of 
London, as before referred to. Some considerable im- 
provements have, however, been latterly introduced by 
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Messrs. Western into this machine, which still includes 
the compound angling side-cutters and frictional disc- 
feed of the original patent. One of these improve- 
ments is in arranging the upper cutter-block to rise 
and fall, and placing an additional bearing at its outer 
end, thus securing the advantages of what is known as 
a centre-feed machine, with the additional advantage 
of an outside cutter machine — that is, all the operating 
cutters are placed on one side of the main framing, 
this plan being much more convenient for the workmen 
to fix or sharpen the irons. The top feed rollers, 
which are fluted, overhang the main framing, and can 
be removed and replaced by conical rollers, which are 
advantageous to use when the machine is employed in 
working architrave or other mouldings. By using 
conical feed-rollers adapted to the shape of the wood, a 
considerable saving is effected, which is of importance 
where a large quantity of work is turned out, as by this 
plan the wood can be cut on a saw bench to nearly the 
size required in the moulding, instead of, as is now often 
the case, the wood being cut square instead of bevelled, 
and a large quantity thus left to be cut away by the ma- 
chine to waste. These and other improvements make 
this one of the most complete machines of its class. 

Our illustration (fig. 17) represents Mr. Leonard 
Chapman's recently patented thin-stuff planing ma- 
chine (makers, Johnstone, Hewetson, Wilson, and Co., 
London) ; it is especia.lly adapted for planing aiad 
edging the thinnest class of wood, such as that 
used for blind laths, cigar boxes, &c. This machine is 
designed to plane and edge wood from -^ inch to 
1^ inch thick up to 3^ inches broad; it is speeded to 
plane and edge at the rate of 100 feet run per minute, 
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and to plane only at the extraordinary speed of 250 
feet per minnte. For making blind latlu the best 




Quebec pine is used, and the wood is first sawn from 
the deals by a thin-gange circular saw. It is then 
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forced over a fixed plane-iron, and between two sets of 
vertical revolving irons, by means of a series of plain 
rollers, which are all driven by toothed gearing, thus 
securing immense feeding power. As the grain of the 
wood runs in opposite directions, the laths are first 
passed through the machine and planed on one side at 
great speed ; the rate of feed is then lessened, and the 
edging or vertical cutters set in motion, and the laths 
reversed, and passed through the machine again, thus 
planing them on the other side, and edging them, at 
the same operation. 

In addition to the large amount of work turned out 
by this little machine, it is of a superior quality to 
hand work. The main frame of the machine is cast in 
one piece, and the main spindle bearings and small 
pinions are of phosphor bronze. The side-cutter 
spindles are of steel, and are speeded to run at 7,500 
revolutions per minute in bearings of phosphor bronze, 
5^ diameters in length. 

Our illustration (fig. 18) represents another class of 
planing machine, known as the trying-up. The cutting 
action is similar to that of the ordinary roller-feed 
machines, but the method of feeding or bringing the 
wood under the action of the planing irons differs es- 
sentially. In this class of machines, instead of the 
wood being forced through the machine by means of 
rollers, it is cramped on to a long planed cast-iron 
travelling table, which is made to travel backwards and 
forwards under the cutters by a rack and pinion gear. 
These are the only class of planing machines that will 
take the timber being operated on out of 'winding,' 
making it perfectly true and ready for glueing up as it 
leaves the machine. 
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It will work either hard or soft wood with facility^ 
at speeds varying from 5 feet to 25 feet per minute, and 
is especially useful to railway carriage builders, trying- 
up scantling for joiners' work, &c. It also has the 
advantage that a number of pieces may be planed at 
one time. 

The travelling table is fitted with screw cramps or 
^ dogs/ which securely fix the wood being operated on. 
A graduated index is fitted to the slide on which the 
cutter block works, so that the thickness of the cut 
can easily be adjusted to gauge. 

An improvement has latterly been introduced in the 
machine under notice, which enables it to plane both 
ways of the traverse ; consequently no time is lost in 
running back the table for a fresh cut, as in other 
machines of the same class. The cutters are fitted to 
a steel cutter-block, and, in addition to planing, can be 
arranged to cut large mouldings, trenches, rebates, &c. 
Pressure rollers to keep the wood steady whilst under 
the operation of the cutters are fixed immediately in 
front and at the rear of the cutter block ; these rollers 
are fitted with india-rubber washers, which give and 
allow for any inequality on the surface of the timber 
being planed. Vertical side-cutters can be fixed to 
these machines when required for edging and matching, 
&c., and in the largest sized machines the cutter block 
can be raised or lowered by means of a simple self- 
acting motion worked from a countershaft. 
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CHAPTER XII. 

IBBEaULAB MOULDINa AND SHAPING MACHINES. 

Machines for moulding and shaping circular or ir* 
regular forms in wood are of comparatively recent 
introduction ; they, however, effect great economy, as 
compared with hand labour, in the production of ir- 
regular ornamental work, as used in church architecture, 
&c. They are specially well adapted for working in 
hard woods, and will produce a large amount of work 
sufficiently perfect to require little or no finishing by 
hand. They can also be used to advantage for moulding 
ships' timbers, straight or circular cornice mouldings, 
table and side-board tops, chair and sofa frames, &c. ; 
and when not in use for irregular work, they can be 
used for straight, such as sticking architrave mouldings, 
sash barSy stop-chamfering, grooving, rebating, thick- 
nessing, &c. In fact, from the range and variety of its 
work, it must be considered a most valuable machine. 
A patent for shaping irregular forms was taken out in 
1820 by one Boyd, but the method of moulding or 
shaping irregular forms in wood by means of a cutter 
block fixed on a spindle revolving vertically was in- 
vented and patented by Mr. Andrew Gear, of Jamesville, 
Ohio, U.S.A., in the year 1853. The machine he then 
constructed is similar in every respect to those now in 
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use. In the Srst machiDes made two steel spindles 
were employed, arranged to revolve in opposite direc- 
tions; these were fitted in bearings lined with anti- 
friction metal and protruded through the top of a 
wooden table. The top of the spindles were screwed, 
and the cutters, of which there were two to each 
spindle, were kept in their places by collars and nuts. 
Both flat and curved cutters were employed ; the shoul- 
ders of the cutter spindles and the under side of the 
collars were bevel-grooved, and the edge of the cutters 
njade to correspond. They were thus held firmly in their 
places. A fence for sticking straight mouldings and a 
carriage fitted with chucks for * pine-apple work ' were 
added. For producing * pine-apple work' the wood 
was made to revolve by turning the chucks first in one 
direction and then in another, and any degree of ex- 
panding pitch or twist on a screw-shaped table leg or 
other ornament was obtained by leaving the chucks 
free to revolve, and prolonging the extremity of one or 
both, the extremity being squared and twisted into the 
required shape and allowed to play endwise through an 
eye in the fixed standard. The inventor, it seems, made 
the discovery by accident, the first machine being con- 
structed for one kind of work, and the extent of its 
range and easy adaptability to cut irregular and intri- 
cate mouldings was for some time undiscovered. Unlike 
many others, the inventor is said to have made large 
sums of money by the sale of his patents. 

Storer and Bicknell, of Boston, U.S.A., patented some 
additional improvements in 1856. These consisted 
chiefly of an improved method of fastening the cutters 
and a self-acting method of setting the cutter spindles 
to angle for forming undercut mouldings. This was per- 
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formed by means of cone pulleys and worm and rack 
gearing working in a slotted quadrant. 

Messrs. Greenwood and Batley, of Leeds, exhibited 
at the International Exhibition of 1862 a Kinder's 
patent shaping machine, which did not diflfer very 
essentially from those at present in use. It contained 
two vertical spindles, revolving in opposite directions. 
The cutter-heads or blocks were capable of separate 
vertical adjustment, and could be fitted with a variety 
of cutters, to suit the work being operated on. The 
frame of the table was fitted on trunnions, and made 
to cant either way. The top of the table was made to 
travel longitudinally, and was fitted with transverse 
grooves, which were used for fixing work. Since this 
date various modifications and improvements in these 
machines have been introduced by Messrs. Eobinson and 
Smith, of Rochdale, Wilson, of London, and others. 

Amongst recent improvements in irregular moulding 
or shaping machines may be mentioned that recently 
patented by Messrs. Western and Co., of London (see 
fig. 19). The improvement consists in the method of 
driving and reversing the cutter spindle, enabling the 
workman at all times to cut with the grain of the wood 
whilst using one spindle only. This is secured by the 
use of two friction discs, which drive the cutter spindle, 
each of which causes the spindle to rotate in opposite 
directions. The action of these discs is instantly re- 
versed by means of a lever under the immediate control 
of the operator. The top of the spindle carrying the 
cutter block is turned slightly eccentric, allowing the 
block a small amount of play, thus withdrawing from 
the wood the cutter not in use. The main frame of 
the machine is circular and cast in one piece. The 
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table is fitted with fence, binding rollers, and springs 
for * sticking ' straight mouldings. 

The method of driving and reversing single vertical 
shaping machines by means of Motional discs is, how- 
ever, not new, but its mode of application may be. In 
some American machines the friction pulleys for driving 
and reversing are fitted to the countershaft. One 
friction pulley is fixed on a vertical shaft on which is 
the driving pulley, from which, horizontally, the driving 
strap passes through the back of the column of the 
machine, the pull of the strap thus coming against the 
whole body of the machine instead of against the 
vertical spindle and bearings only, as would be the case 
if the countershaft was put in the front of the machine. 
The friction pulleys for reversing, which are placed on 
the horizontal shaft, are brought into contact with the 
friction pulley on the vertical shaft by means of a 
treadle. 

The tables of many of the American machines are 
made of cherry and black walnut wood glued together 
in strips and fastened with cross straps. 

In the panelling and recessing machines, where the 
cutter spindle works from above, motion is usually 
given to it by friction pulleys placed inside the column, 
and the table brought up to the cutter by a treadle or 
iiand wheel and screw. 

In this country straight cutters are usually em- 
ployed in irregular moulding and shaping machines, 
but on the Continent and in America curved or circular 
cutters turned from the solid are much used. 

Shaping machines are usually constructed with one 
or more vertical spindles. Two spindles revolving in 
opposite directions is perhaps the most general and 
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usefal form, as by this plan one cutter spindle can cat 
with the grain of the wood running in one direction, 
and the other spindle can operate on the wood with the 
grain running in the other direction without stopping 
or reversing the machine. 

The spindle, with suitable cutters att>ached, projects 
above the surface of an accurately planed table, and 
the cutting edges of the irons should be speeded to 
travel some 6,000 feet per minute. The wood to be 
shaped is fixed upon a wooden template, which is 
pressed by the operator against a collar on the cutter 
spindle ; the cutters thus form in the wood the exact 
form of the template. In single-spindle machines, 
where the grain of the wood used is twisted and irre- 
gular, it is necessary to reverse the motion of the cutter 
spindle, so that in curved patterns the cutters may be 
enabled to work with the grain of the wood, or the 
worked turned out is rough and unsatisfactory. The 
cutter spindle should be of steel, revolving in extra 
long bearings of phosphor bronze, and capable of being 
raised and lowered to suit different classes of work by 
a lever and hand wheel or other suitable means. The 
top of the cutter spindle or head should be made 
movable, so as to allow of heads with other cutters 
fixed ready for work being put into operation without 
delay. 

For straight work, such as sash bars, &c., a self- 
acting feed motion can be fitted ; and for sticking under- 
cut mouldings the table or spindle can be arranged to 
cant. We have recently seen an improved self-adjusting 
guard, fitted to this class of machines, to prevent 
accidents from the cutters. These guards cover the 
cutters entirely, but are raised sufficiently above the 
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table to allow the wood being operated on to pass under 
them ; they are fixed on turned upright pins, on which 
they can be made to rise or fall, to suit varying thick- 
nesses of wood. These pins are fixed into turned rings, 
let in fiush with the table, and as the template comes 
in contact with them they move and allow it to pass. 

Yarious combinations of these machines are made, 
with overhanging cutter spindles, for recessing, mould- 
ing purposes, Ac, but our space precludes more than 
a passing notice. The power required to drive is 
small. 
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CHAPTER XIII. 

BAND AND FBET SAW MACHINES* 

The band-saw machine^ alfchough very generally be- 
lieved to be of French origin, was really the invention 
of an Englishman. In the year 1808 a patent was 
taken out in this country by one William Newberry for 
a machine for sawing wood, in which an endless band 
or ribbon saw, strung over two wheels, was used. The 
inventor also claimed the use of it for splitting skins, 
&Q. ; in this case a plain steel or iron band, sharpened, 
but without teeth, was probably used. This invention, 
although very complete and original, lay dormant for 
many years, probably through the difficulty of obtain- 
ing blades of sufficient toughness to withstand the 
strain put on them, and the difficulty then found of 
re-joining the saws when broken. As will be seen from 
our illustrations (figs. 20, 21, 22, and 23), Newberry's 
machine possessed all the elements of practical utility, 
and although, from the inferior quality of the saws 
then obtainable, it failed to realise the inventor's an- 
ticipations, he is nevertheless entitled to the honour of 
being the originator of one of the most valuable of all 
wood-working machines. 

It seems a band-saw machine was patented in 
France by M. Touroude in the year 1815, and again 
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in 1845 bj M. Thooardj but, owiDg to tbe constani 
breakages of the sawa, they were only used on a very 
limited Bcale. 

There is no record of many machines being con- 
stmcted on Newberry's plan till 1855, when M. Pfirin, 
of Paris, exhibited at the French International Exhi- 




bition a mnch improved machine, on which he employed 
saws, of French manufacture. From the mode of tem- 
pering these fiaws, they were enabled to stand the 
tension and strain necessarily put on them, and to run 
for a considerable period without breakage ; thus the 
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one great obstacle to the general nse of these machines 
was removed, and after this date thej came gradually 
into use. 

Following M. Pyrin's re-introduction of the band 
saw, it was again patented in this country by M. Pariente, 
and once more by Exall and Barbour in the year 1856 ; 
so on the whole it must be held to have been well 




FIG. 21. 




Fio. 22. 




FIG. 23. 



patented, but the invention of the principle undoubtedly 
belongs to Newberry. 

The adoption was hardly general, however, till 
within the last few years, as, from the introduction of 
badly proportioned and badly constructed machines 
with inferior saw blades, a strong prejudice, on account 
of the loss arising from breakages, existed against 
them; this, however, is now entirely removed. Fol- 
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lowing the Paris International Exhibition of 1855, 
General Tulloch, late of the Carriage Department of 
the Eoyal Arsenal, at Woolwich, purchased a number 
of machines from M. Pfirin, and others of heavier 
construction were ordered ; this example was soon 
followed by others. These machines, serving as ex- 
amples to English engineers, led to heavier and more 
substantial designs being made, with other modifica- 
tions and improvements, which rendered them more 
suitable to the heavy class of work carried on in this 
country. 

Various patents for improvements of more or less 
value have been taken out. 

In 18S6 Samuel Worssam and John Grist obtained 
provisional protection for improvements in cutting and 
shaping wood for felloes for wheels and such like curved 
surfaces. They employed two band saws, set at certain 
distances apart, and mounted the blanks from which the 
articles were to be formed on a revolving platform, to 
which motion was communicated by other suitable 
gearing. The band saws were carried over pulleys, and 
worked in the same plane. 

In the year 1868 Mr. Henry Wilson, of London, 
took out a patent for * improvements in the mounting 
of band saws,' which he describes as follows : — 

* My invention is intended to prevent the breaking 
or snapping of band saws from any sudden strain, or 
otherwise, while at work, and from the liability to snap 
on the cooling of the saws after ceasing to work ; also 
to allow of ready adjustment of the bearings of the 
pulleys over which the saws are stretched. I connect 
to the bearing of the pulley over which the saw is 
ataretched an upright rod or spindle, threaded at top. 
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pass over tlie thread or upper part one arm of a lever, 
and adjust the spindle to the height required by a nut 
curved at bottom to fit any change of position in the 
lever, and to allow of the adjustment of the bearing of 
the pulley. 

* The lever is centred upon a pin supported upon a 
pillar. The opposite arm of the lever is connected to 
a second vertical shaft, or rod, the lower end of which 
is connected to a vulcanised rubber or other spring, 
is carried down on the outside of the pillar, and is pro- 
vided with a screw adjustment, or not, as deemed 
necessary. The bearing of the pulley before named 
being free to move up and down within certain limits, 
it follows that upon any strain upon or contraction of 
the saw, the spring will allow of the bearing yielding, 
and thus prevent the snapping of the saw. 

* I do not limit myself to the precise arrangement of 
compound lever with screw adjustment and spring 
compensation, or either, just described, although I 
believe it the best suited to the purpose of my inven- 
tion ; but I desire also to secure the so connecting of 
the movable bearing of a stretching pulley over which 
the band saws are stretched to a spring or springs, as 
will enable the saws to accommodate themselves to any 
sudden strain, and to contract without snapping.' 

Mr. A. Kinder, of Westminster, in 1860 patented 
several improvements, consisting chiefly of a new form 
of packing box, through which the saw ran, either 
horizontally or vertically, and a variable feed arrange- 
ment for feeding the wood, consisting either of a re- 
verse cone motion or a friction disc and pulley. 

In our International Exhibition of 1862 several 
band sawing machines were exhibited, M. P^rin show- 
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ing one in operation which, from the dexterity of its 
operator and from the large amount of intricate and 
ornamental scroll-work it turned out, excited consider- 
able attention. The pulleys carrying the saw were 
clothed with leather and indiarubber, in lieu of the 
use of tension springs, A break for stopping the 
machine suddenly was also attached. Another French 
firm, Messrs. Varrall, Elwell, and Poulot, of Paris, ex- 
hibited a portable band sawing machine, with vertical 
engine and boiler combined. This machine was fitted 
with a feed arrangement, consisting of two pairs of 
rollers on vertical spindles, between which the wood 
passes. Only one pair of rollers was driven; these 
were fluted, adjustable according to thickness of cut. 
The other pair of rollers were plain, and were held hori- 
zontally against the wood by means of a weighted chain 
passing over a pulley. 

M. Zimmermann, of Chemnitz, exhibited at our 
Exhibition of 1862 a band-saw machine, with an 
arrangement for circular cutting by swivelling the 
work horizontally on the table round a pivot fixed in 
it. Amongst the English manufacturers of band-saw 
machines perhaps the greatest novelty exhibited was a 
machine by Messrs. Greenwood and Batley, Leeds, es- 
pecially constructed for cutting curvilinear shapes, as 
ribs for the frames of ships, and other heavy work of 
varying bevel, straight or curved. The table was 
stationary, and fixed in a horizontal position, to carry 
the work securely, and the saw frame was hung on a 
swivel, and could be set to any angle with the table. 
When ships' timbers or ribs are being cut for the bows 
of the vessel, they require to be cut to forms of double 
curvature, to suit the bilge of the vessel, from the keel 
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upwards ; and, in conjunction with that, tliej mast be 
adapted to the tapering shape of the bow. The varia- 
tions of curvature are marked in degrees upon the 
timbers at intervals along the curved line to be cut out 
on one face, the degrees expressing the successive 
angles of obliquity ; and the saw being swivelled on a 
fulcrum, having its centre at or near the surface, is set, 
by the aid of a graduated scale, successively to the 
necessary angles. The laborious use of the adze was 
thus dispensed with. Instead of canting the saw table 
to obtain the necessary bevel in the wood cut, the main 
standard of the machine was mounted on trunnions, 
so constructed that the surface of the table was on a 
line with the centre of the trunnion. The main stan- 
dard was also fitted with a variable and self-acting 
radial motion. Thus when the main standard was 
canted, the saw was permitted to oscillate freely, with- 
out changing its position with reference to the surface 
of the table. Arrangements were also made for fitting, 
if desired, a feed motion for carrying the wood through 
the saw. This motion could be driven from, and com- 
bined with, the radial motion, so as to produce in the 
wood any peculiar bevel required. Messrs. Powis, 
James, and Co. exhibited a band-saw machine fitted 
with Wilson's patent spring arrangement for preventing 
breakage to saws. The main frame of the machine 
was a hollow casting, and was the first example of the 
introduction of the hollow-casting system in connection 
with wood-working machinery. Messrs. Worssam also 
exhibited a compact and useful machine, but without 
any special feature of novelty. 

In 1866 Mr. Henry Wilson, London, patented the 
combining in one machine a band saw and a jigger, or 
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fret saw. Upon the brackets in which the spindle 
of each wheel round which the band saw works, or 
upon the spindles themselves, he attached an oscil- 
lating lever. One or both arms of each lever carried 
at their ends a quadrant or curved plate, and the upper 
and lower levers were connected to each other by a rod. 
The jigger saw was fastened in the ordinary manner 
between the quadrant of the upper and that of the 
lower lever, and as these levers were caused to oscillate 
the saw received an up-and-down motion, so as to act 
on the wood or other material being sawn. The oscil- 
lating motion was imparted to the levers by means of 
a link carried from the lower lever to an arm of a 
wheel placed at the back of the machine, or in any 
other convenient position. 

Included in this specification is a modified spring 
arrangement for allowing the saws to expand or con- 
tract in working. This consisted in using a spring like 
a common carriage spring. This was supported on a 
bracket, carried up from the centre of the head of the 
main fruming of the machine. One end of this spring 
was connected by a link to the side bracket carrying 
the upper saw wheel, and the other end was connected 
to the upper end of an ordinary tension rod, which was 
adjustable by means of a hand wheel and screw at the 
back of the machine. 

In 1869 Mr. George Finnegan, of Dublin, patented 
an improved form of horizontal band sawing machine, 
whicih could, for a heavy class of work, be used in the 
place of the rack circular-saw bench or large timber 
frame. He claimed as novel, in connection with sawing 
machines, a method for converting a rotary motion into 
a reciprocating motion, or vice versd, and an arrange- 
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ment for relieving the sides and backs of saw frames 
from undue friction. The machine consisted of an end- 
less band saw, strung and revolving on two wrought-iron 
wheels of some 6 feet diameter, fixed at either side of a 
travelling table which supported the timber being oper- 
ated on. The saw was arranged to cut horizontally, 
instead of vertically, as in most band-saw machines. 
The travelling table was driven by rack-and-pinion gear, 
and the rate of feed could be altered to suit the timber 
being sawn. It is claimed for this machine that it will 
cut a board from a hard-wood birch log, 6 feet long 
by 23 inches wide, in 60 seconds, and from a pine log, 
12 feet long by 14 inches wide, in 27 seconds. 
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CHAPTEE XIV. 

BAND AND FBET SAW MACHINES — CWdimied. 

In 1873 a patent for improvements in band sawing 
machinery was taken out by Messrs. C. E. Western 
and J. Hamilton. These improvements may briefly be 
described as follows : — The pulleys carrying the band 
saw are fixed upon a bar, which is mounted at one 
end on a pivot in the axial line of the driving pulley, 
and at the other end is fitted to a box, in which it is 
free to swivel and to slide longitudinally. Both the 
pivot and the box are arranged to slide on parallel bars, 
and are each provided with gear by which they can be 
moved along these. According as the one or other is 
so moved, the saw is inclined more or less, so as to 
make a more or less oblique cut. The bar carrying the 
saw has two brackets, fitted with circular discs, having 
guide slots for the saw blade, which discs can be turned 
so as to twist the saw blade more or less at each side of 
the timber. It will thus be seen that this machine, 
when used for bevel-cutting, combines the advantage 
of an ordinary machine with an improved method of 
canting the top saw pulley, instead of the table on 
which the wood to be cut is placed, thus securing a 
perfectly level surfece, on which the wood can be moved 
with facility in any required direction. 
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Mr. Sansom, of Loadon, in 1874 patented a band 
knife machine, specially adapted for cutting cloth and 
other materials. He drives an endless steel band in the 
ordinary manner over three wheels ; bnt in the place of 
teeth the band is sharpened like a knife, and an ar- 
rangement is fitted to the machine for this purpose. 

The chief novelty consisted in the peculiar means 
adopted for giving the required tension to the band 
knife, and to allow for its expansion and contraction. 

The inventor makes the main frame of this machine 
to overhang considerably the table on which the work 
to be operated on is placed ; this frame is lightly con- 
structed, and, although made of cast iron, will ^ give ' 
or spring when the band knife is in operation, thus 
lessening the chance of breakage to saws or knives, 
which, in working these machines, is an item of great 
importance. By thus constructing the frame of the 
machine, considerable extra space is gained on the 
table for manipulating the cloth or other material 
being cut. 

A patent was taken out in 1876 by W. B. Haigh, 
of Oldham, for improvements in band-saw machines, 
whereby he claimed that the power required to drive 
was considerably reduced. The plan he pursued was 
to place one of the wheels carrying the saw on a stud, 
at one end of a double lever, there being at the other 
end a spiral spring, the double lever working on a 
fulcrum or shaft running in bearings, placed in a slide 
fitted to guides, and having below the ordinary saw- 
tightening or regulating screw and nut ; and thus, by 
placing the pulley on the arm of a lever, the tension 
can be so adjusted that much less power is required to 
drive the saw. In the same year M. Langloisj of 
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Paris, patented the plan of monnting band-saw wheels 
on pointed centres, with an improved grooved eaw- 
guide, mounted on doable points, to keep the saw to its 




work. In the some year Mr. McDowall, of Johnstone, 
patented a multiple band sawing machine. He claims 
the combining of two or more endless band saws in 
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one machine, so as to operate on the same piece of 
timber, making the standards of multiple band sawing 
machines adjustable, and mounting the pulleys on ec- 
centric pins or studs, which can be adjusted for different 
thicknesses of cut. 

Our illustration (fig. 24) represents a machine em- 
bodying several improvements which have recently 
been patented by Mr. Knowling, of Newton Abbott, 
Devon. 

The chief points claimed as novel are : — In so con- 
structing the machine that when the saw is canted for 
cutting at an angle, the table of the machine shall 
travel in a horizontal plane ; undue strain on the saw 
is thus avoided, and the table carrying the wood is kept 
at a dead level. In most of the ordinary band sawing 
machines, when it is required to cut at an angle, the 
table carrying the wood is itself canted, and consider- 
able difficulty is found in keeping heavy timber in 
position to be fed through the saw. The main frame 
of this machine is fitted at its base with trunnions, 
which work in the foundation plate. A screw is so 
arranged underneath the table, that, by means of the 
hand wheel shown in the engraving, the frame of the 
machine is canted, and the table moved at the same 
time. Another improvement consists in adjusting the 
tension of the saw by means of a pivoted arm or 
bracket, carrying the upper saw-wheel, which is acted 
on by a screw bedded on a spring support placed on a 
fixed resfc. The patentee claims that the invention can 
be carried out in canting the saw by means of a screw, 
worm, or other mechanical contrivance, working on, or 
in, or against a movable metal frame carrying the 
pulleys actuating the band saw; the said movable 

K 2 
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frame being joumalled at its lower end, on the same 
centre as the bottom saw pulley. The table is moved 
by the same motion actuating the moving frame, which 
for that purpose is connected with it. The tension ad- 
justment can be performed by constructing the brackets 
of metal or other material, furnishing the brackets with 
a spring or sliding bed, on one end of which a screw 
works, the other end abutting against a pivoted arm or 
bracket, carrying the upper saw pulley, so that the 
turning of the screw separates the pulleys and tightens 
the saw. In Western^s and other patents several of the 
points herein mentioned have before been carried out 
separately, but the combined movement of saw and 
table is novel, and must be mentioned as a decided 
advance in this class of machines, and should be found 
of service to cabinetmakers, chairmakers, and others 
requiring to cut much bevelled work. 

In the International Exhibition of 1878 held in 
Paris, a large number of band-saw machines were 
shown, most of them in operation. Although this 
machine was chiefly developed by the French, they, of 
most other nations exhibiting, seem to have made less 
progress in rendering it efficient and complete in its 
every detail. We will briefly notice such machines as 
possess any special feature of improvement in their 
design or arrangement. 

In the English section perhaps the most original 
form of band saw was that exhibited by Messrs. Western 
and Co., of London, one of whose patents in connec- 
tion therewith we have just described. To allow for 
the expansion and contraction of the saw blades, a 
Wilson's patent spring arrangement was added; this 
we have also spoken of before. Messrs. Charles Powis 
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and Co., of London, exhibited in their band-saw machine 
an improved method of canting the table for bevel- 
sawing ; it consists of a modified form of the ball-and- 
socket joint arrangement. 

For general purposes perhaps the most complete ma- 
chine in the Exhibition was that shown by Messrs. J. A. 
Fay and Co., of Cincinnati, Ohio, U.S.A. Its general 
construction differs considerably from English practice, 
and is well worthy of description, and we therefore illus- 
trate it (fig. 25). As will be seen from the engraving, 
the main frame of the machine is a flanged casting, and 
is made in one piece. The rim of the upper saw- wheel 
is made of steel, the spokes of wrought iron, and the 
centre of cast, thus combining lightness and elasticity 
in the greatest possible degree, and reducing the strain 
on the saw. The saw-wheel spindles are of steel, and 
run in self-oiling bearings ; these bearings are adjust- 
able for wear ; the saw is kept to its proper .tension by 
means of a screw and hand wheel, and the top-saw 
spindle being fitted on a slide, the weighted lever shown 
at the back of the machine compensates for any ex- 
pansion or contraction in the saw when at work. Three 
small metallic guide wheels receive the back thrust of 
the saw, which is also fitted with wooden side guides, 
and runs on indiarubber, let into the wheels, which are 
made without flanges. The top saw-wheel is arranged 
to angle. The vertical guide bar placed in the front of 
the machine is fitted with a retracting spring, which 
allows it to be readily adjusted to the thickness of the 
timber. The table is arranged to cant for bevel-sawing 
by means of a ball-and-socket arrangement. A com- 
bination of brake and striking gear allows the machine 
, to be stopped and started gradually. A small brush 
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is provided for keeping the wheels free from sawdust, 
and should be of considerable use when sawing gummy 
woods; splasher guards are also fitted. In fact, the 
machine, from its general design and completeness of 
detail, reflects great credit on the makers. The fast- 
and-loose pulleys are 14 in. diameter, and are speeded 
to run at 375 revolutions per minute. 

Messrs. C. B. Sogers and Co., of Norwich, Connec- 
ticut, U.S.A.., exhibited a band-saw machine carrying 
36-inch wheels ; the spindles are steel, and run in double 
bearings ; these are fixed on an adjustable column fitted 
into the main framing of the machine, and rest on a 
thick indiarubber roller or washer, which gives to the 
saw when in work considerable elasticity, and allows for 
its expansion and contractiou. The table is made of 
wood, glued together in strips, to prevent warping. A 
small rotating disc of steel receives the back thrust of 
the saw. 

Messrs. P^rin, Panhard, and Co., of Paris, to whom 
the development of the band saw is largely due, exhibited 
a number of machines, but they did not possess any 
special features of novelty; several of them are fitted 
with chain and other motions for feeding the wood for 
straight sawing. Another machine, running at a slow 
speed, and carrying a saw blade with fine teeth tem- 
pered as hard as possible, is used for cutting cold iron 
and steel. 

Eecently patented and fitted to a band-saw machine 
exhibited by M. Qu^tel-Tr^mois, of Paris, is an im- 
proved saw guide. It is constructed of gun metal, and 
consists of three small square oil boxes, one placed on 
either side of the saw and one at the back. The side 
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of each of these boxes nearest the saw is made movable 
and adjustable to the gauge of saw by set screws ; these 
movable plates are made of steel or other metal, and 
a number of small holes are drilled through them, 
through which the oil percolates. In addition, at the 
back of the saw is placed a small revolving steel wheel, 
which receives the back thrust. Recording these smaH 
matters may to some appear trivial, but, owing to the 
keen competition of the day, anything, be it ever so 
small, that either saves labour or adds to the productive 
efficiency of a machine all practical men will admit is 
of importance. And here we may add that it is our 
opinion that much of the present success of American 
competition is due to the attention paid to the smallest 
details in their machine construction, which either in- 
creases the range of work performed, improves the 
quality, or lessens the cost of production, which saving 
in a day may be infinitesimal, but when multiplied by 
months or years amounts to a gigantic total. In point 
of fact, in comparing English and American machines 
for performing the same class of work, many American 
machines are carried fv/rther. than our own. 

M. J. Fau, of Bordeaux, exhibited a machine in 
i which the saw wheels are constructed solid, of wood. 

By this plan he claims to drive with less power, as, 
being without arms, the wheel has less air resistance 
to overcome. Fixed directly to the bottom saw-wheel 
spindle and driving this machine was one of P. Martin's 
rotative engines, which made some 450 revolutions per 
minute. 

M. Arbey, of Paris, shows a large number of ma- 
chines, including a band saw for cutting heavy timber ; 
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it is fitted with a self-acting travelling table for feeding 
the timber, and a lateral movement for bringing the 
timber up to the saw. The travelling table was also 
arranged with a hand-power chain reversing gear. We 
noticed on one of the lighter machines a compact little 
hand-rest for bevel-cutting. 
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CHAPTEE XV, 

BAND AND FEET SAW MACHINES — Continued. 

The origin of the fret-cutting machine, which is also 
called the scroll or jigger saw, is obscure, but it was 
In general use long before the band saw, both in* this 
country and America. For tracery, fret work, and other 
internal cutting, where the endless-band saw is not ap- 
plicable, the fret saw is of considerable value. Hand- 
power fret cutting, by means of a bow saw, has been 
practised for a great number of years. Of late several 
improvements have been introduced, which render it 
more generally serviceable, amongst which may be men- 
tioned a flexible self-adjusting bow saw, patented by a 
Mr. Cotter in 1872. In this bow-saw frame the stretcher 
is made of steam-bent beech wood, which forms a spring. 
The stretcher ends are jointed to the side bars ; the top 
of the side bars are connected with the stretcher by two 
tension rods, fitted with thumb nuts at their outer ends ; 
the other ends pass into female screws fitted in the 
stretcher. By turning these thumb nuts the tension of 
the saw blade can be varied at will. The end of each 
spindle for holding the saw has a longitudinal and 
transverse slot for receiving the blade and pin; slots 
to correspond are made in the sliding tube, so that 
^ when the tubes are drawn forward and turned the saw 
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blade is firmly locked. The saw, by this 'plan, can 
easily be set or removed, and from the flexibility of the 
frame it is more pliable for cutting very sharp curves, 
and is also less liable to break from sudden strains put 
on it. Before the band saw was introduced, and after 
some years in a measure took the place of the fret saw, 
almost all kinds of iiTegular or curved sawing was per- 
formed by the fret saw ; several other plans were, how- 
ever, tried, but with little success. 

From its novelty, a plan for curved sawing, invented 
and patented by E. B. Wells, of Uniontown, Pennsyl- 
vania, United States of America, in 1854, deserves 
notice. An angular incision was made in a circular 
saw, from the edge to the centre, or, in other words, a 
sector was cut from the disc, which was then sprung, 
by means of washers and rings, to any required degree 
of curvature. It was termed an adjustable, dished cir- 
cular saw, and was designed for cutting barrel staves, 
wheel felloes, and such like work. It was intended to 
be run at a speed somewhat less than the ordinary cir- 
cular saw. 

Some fourteen yearq since, Mr. Talpey, of New York, 
made a fret-saw machine, worked by the foot, which 
embodied several improvements. 

A very complete fret-saw machine is also made by 
Beach, of Montrose, United States of America. Motion 
is given to the saw by an adjustable friction pulley on 
the crank shaft, and the speed can be varied at will by 
the operator depressing a treadle. The saw guides are 
adjustable laterally and transversely to line, or to give 
any desired rake to the saw ; the cross heads are also 
adjustable for wear. Tension is given to the saw by 
ratchet gear. The working parts are suspended to a 
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wrought-iron tubular shaft, which is held in place by a 
box and lever, and balanced by a spring. An adjust- 
able steel bearing supports the back of the saw, and it 
can also be used to hold down the work. An air pump 
for removing the sawdust is attached to the cross head. 

Mr. James Kennan, engineer, of Dublin, has from 
time to time introduced improvements into fret-saw 
machines. In 1865 he brought out a simple machine. 
In a vibrating or oscillating frame a fret saw was 
strained; the frame derived its motion direct from a 
triple-action cam, having two or more actuating surfaces 
on the first motion-shaft, which was worked by the foot. 
On the inner and outer peripheries of this cam, which 
was a flange screwed to the side arms of the fly wheel, 
worked two pulleys covered with india-rubber, to prevent 
noise when running. These pulleys were carried at the 
lower end of a lever, the upper end of which was keyed 
to a rocking shaft, which vibrated in bearings fitted to 
the table of the machine. Two arms of a C form were 
also keyed on to the rocking shaft, and the saw blade 
strained between their two vibrating ends. By making 
two or more acting surfaces on the cam, any number 
of strokes of the saw can be secured. An india-rubber 
ball or bellows, inflated by the upward stroke of the 
saw, was attached for blowing away the sawdust from 
the line of cut. 

Mr. W. J. Cunningham, of London, patented about 
1865 a combined fret saw and drilling machine, of very 
simple construction. The drill was vertical, and worked 
by leverage, and could be attached with advantage to 
an ordinary lathe. We have recently seen a well- 
arranged machine especially adapted for dovetail work, 
designed by a Mr. McChesney. The saw is driven by 
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a cord passing over three sheaves, two of which are 
adjustable, and the tension of saw can be regulated 
thereby. The main frame is of C shape, and of light 
construction, but, to prevent oscillation, it is braced by 
means of a wire rope passed round its exterior. The 
table can be set to angle, to give the taper to the wood 
necessary in the curved form of dovetail it is designed 
to cut. 

Messrs. J. A. Fay and Co., of Cincinnati, U.S.A., 
exhibited at the International Exhibition in Paris (1878) 
a very complete fret saw, which we illustrate herewith 
(fig. 26). As will be seen from the drawing, the body 
of the machine is cast in one piece. The reciprocating 
parts are made very light ; the tension is flexible. The 
upper end of the saw is attached to a strap, which, at 
its upper end, is connected with a segment pulley and 
eccentric roller. To this eccentric roller is attached 
the straps, which are connected with two steel springs, 
made of a series of thin plates of different lengths. 
By this arrangement an almost equal tension through- 
out all parts of the stroke of the saw is secured. The 
eccentric roller is so adjusted that in the downward 
stroke of the aaw the lessening flexibility of the steel 
springs is compensated for by the shortened leverage of 
the eccentric roller. The sliding cross-frame to which 
the springs are fitted is adjustable for different lengths 
of saws, and the small hand wheel in front of the 
machine sets the cross frame to any desired ^lead.' 
A patent combined brake and striking gear, worked by 
the foot, is attached, and is arranged to stop and start 
the saw gradually. The fast-and-loose pulleys are six 
inches in diameter, and are speeded to make 1,100 
revolutions per minute. 
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Messrs. C. B. Rogers and Co., of Norwich, U.S.A., 
also exhibited a handy fret saw. The saw straining- 
frame consists of a light iron frame, adjustable to dif- 
ferent lengths of saw, and has on either side a hard- 
wood spring, with adjustable tension, and is connected by 
straps to the saw. The saw is held by a hook and pin 
at each end, which allows it to be easily detached. The 
back of the saw is fitted with and steadied by a guide. 

We have seen another method of holding the fret 
saw introduced in machines made by J. Richards, of 
Philadelphia. In this machine the saw is not strained 
in the usual manner, but supported by steel anti- 
friction guides fixed at its top to prevent it turning and 
give lateral and back support at the same time. The 
saws are fastened to a tubular slide running in bearings, 
and steel guides are fitted to the end of the sliding 
tube. A small fan-blower is attached for clearing away 
the sawdusb. A very good plan for keeping the cutting 
line clear in lieu of a fan-blower is, to construct a small 
cylinder with a piston which can be arranged to blow 
a volume of air at each downward stroke of the saw, 
and will perform its work very effectually. For light 
ornamental sawing a simple and compact machine, 
worked by the foot, has recently been patented by a 
Mr. Barnes, an American. The reciprocating motion 
is given to the saw by attaching the saw arms to a 
continuously revolving wheel. This wheel is driven by 
straps attached to the treadle, and the ordinary crank 
is done away with. 

If, in designing a band sawing machine, it was prac- 
ticable to embody some of the various improvements 
we have noticed without infringing patent rights, the 
result should be a comparatively perfect tool, combining 
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that gi-eat desideratum in machinery the maximum 
amount of productive efficiency with the minimum 
amount of complication and loss from excessive wear 
and tear or breakage. As, however, this embodiment 
is unfortunately not practicable, we must content our- 
selves with a few general hints, which may be found of 
some service. The main framing should be rigid, and 
oast in one piece. Eor the lighter class of machines 
an ordinary flange casting is sufficient, but for the 
heavier type a hollow or box frame is to be preferred. 
Care should be taken that the frame is curved or bowed 
sufficiently to allow of ample room between it and the 
saw for the easy manipulation of the work. The saw 
wheels should be made as light as possible, and the 
upper wheel mounted in a slide, arranged to * give ' to 
the vibrations or any sudden impact of the saw. The 
saw-wheel spindles should be of steel, and run in 
double bearings of phosphor bronze. Sufficient care 
should be taken as to their lubrication. The periphery 
of the saw wheels should be covered with india-rubber 
or two thicknesses of leather, and turned inside and 
out, and accurately balanced. To lessen the breakage 
of the saws from expansion, contraction, or other 
causes, and to keep them at their proper tension, a 
weighted lever or spring should be fitted to the slide 
in which the top saw-wheel is mounted. Metallic 
friction guide-wheels should be provided to receive the 
back thrust of the saw, and adjustable wooden side- 
guides should also be added. On no account should 
the back of the saw be run against a fixed bearing. 

In the heavier class of sawing it is found that, no 
matter how carefully it is operated, the saw is apt to 
buckle and run from the line ; it is, therefore, neces- 
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sary, in addition to the ordinary guides, to provide 
some plan to obviate this as far as possible ; this can 
be accomplished by adding side friction rollers, placed 
on a spindle vertically, and arranged to guide from the 
teeth of the saw. The saw wheels should in all cases 
be made of as large diameter as convenient, as the 
friction, and consequent buckling and breakage of saws, 
is by this means lessened. For very heavy sawing 
blades three or four inches wide are used ; the wheels 
should be of not less than 5 feet diameter ; these are 
sometimes constructed of wood, or of iron centres and 
wooden rims. The upper saw-wheel should in all cases 
be so arranged that it can be set to an angle with the 
lower wheel, thus directing the saw to run on any part 
of the periphery, and equalising the wear on the india- 
rubber or leather covering. The table on which the 
work is placed should be arranged to set to an angle 
for bevel-sawing. A ball-and-socket movement is a 
convenient plan for this purpose; the angle can be 
determined by a gauge and pointer. For light bevel- 
sawing a small portable hand-rest should be provided, 
and for regular sweep-cutting, such as wheel felloes, chair 
backs, break blocks, &c., a radial arm is useful. The 
upper saw-wheel should be arranged to rise and fall to 
suit varying thicknesses of wood, as also the front saw 
guide-arm. It is now the practice in this country and 
America to construct the wheels carrying the saw with- 
out flanges ; in lieu of this, at any rate in the larger 
machines, a small loose roller should be fitted to guide 
the saw blades on the upper wheel. These larger 
machines are sometimes fitted with a self-acting feed 
for straight sawing. A very good plan is to arrange 
vertically on the table two or more rollers, geared 

L 
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strongly together, and a fence adjustable by means of 
a band wheel and screw to thickness of cut. These 
rollers are set in motion by suitable toothed or friction 
gearing, and the wood is fed between them and the 
fence plate. The feed rollers should be provided with 
changes in the rate of feed, to suit varying kinds of 
wood, and should be adjustable to and from the fence 
plate. 

This self-acting feed is very usefril where much panel 
or box work is required in addition to the ordinary 
curved sawing, for which a separate table should be 
used. In sawing the heaviest class of logs into boards 
by means of a band saw, which in the case of valuable 
woods is oftentimes done, in lieu of the feed motion 
above described, a travelling carriage, actuated by a rack, 
chain, or other suitable feed, is provided. Band saws 
are sometimes used for cutting iron, steel, copper, &c., 
when cold. In this case the saw is driven at a slow 
speed — some 250 feet per minute. The saw is tempered 
specially hard, and is made somewhat taper from the 
points of the teeth to the back of the blade. The iron 
to be sawn is fixed in a suitable cramp or vice. Large 
band-saw machines are also constructed to work hori- 
zontally, for breaking down heavy logs. For this pur- 
pose the saw wheels are made of large diameter, and 
mounted on sliding brackets, working on two vertical 
columns ; these brackets are raised and lowered simul- 
taneously by a hand wheel and screw. The timber to 
be cut is carried underneath the saw, on an iron tra- 
velling table, fitted with rack or other feed, and a gauge 
and pointer are provided to measure thickness of the 
cut required. By certain modifications this form of 
horizontal band-saw can be adapted for cutting ships' 
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timbers to the peculiar taper and bevel required in 
forming their keels. In New York band-saw blades 
are worked up 60 ft. long by 6 in. or 8 in. wide ; but 
this large size are rarely, if ever, used in this country. 

The advantages gained in using a well-constructed 
band sawing machine are many. In the first place, 
even in cutting heavy timber the power required to 
drive is small, and the cut is continuous. . The wear 
and tear is small. As the dust falls through the kerf 
in sawing, the lines of the designcan easily be followed 
by the operator. The saws can be used of very thin 
gauge, thus wasting little, which is a consideration when 
sawing valuable woods. Architectural designs, furni- 
ture work, &c., of elaborated design can readily be 
shaped out, thus effecting an immense saving over 
hand labour. In addition to cutting wood, band saws 
can be arranged to cut iron, bone, ivory, paper, cloth, 
leather, and other materials. In working band-saw 
machines care must be taken that the saw blades used 
are of the best possible quality, as, no matter how well 
a machine is constructed, if inferior blades are used 
the loss from breakages, stoppages, &c., will be con- 
siderable. Saws should not be used of greater width 
or gauge than is absolutely necessary. It is a mistake 
to suppose that saws of a thick gauge or great width 
stand better than thin ones. The reverse is the fact ; 
they should be of exactly the same width and thickness 
throughout, and of uniform temper and set. The teeth 
of the saw should be set by blows on the inside of the 
blade, as in this case they are less liable to run off the 
wheeL They should be worked at a moderate tension. 
The teeth of band saws for ordinary sawing should be 
speeded to travel about 4,000 feet per minute. 

L 2 
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CHAPTER XVI. 

STEAM MOETISING AND BOBING MAGHINBS. 

Aftee the forest tree lias been cut down, sawn, and 
planed true, the next operation is joining it together ; 
the most general form of joint is that produced by 
the mortise and tenon. We shall in another place notice 
the operation of mortising as performed by hand-power 
machines ; we now purpose taking the larger class of 
mortising machines worked by steam, and adapted to 
the heavier work required by railway-waggon builders, 
shipbuilders, contractors, and others. 

Mortising machines may be briefly divided into two 
classes— those in which the chisel or cutter is worked 
with a reciprocating motion and those in which it is 
worked by a rotary motion. These two motions, how- 
ever, admit of many modifications, to suit the different 
classes of work or material operated on. In this country 
and America machines with a reciprocatinig motion are 
most in favour, whilst France and other Continental 
nations generally prefer a rotary motion. 

The invention of the mortising machine is generally 
attributed to Sir Samuel Bentham, in the year 1793. 
In 1807 Brunei, in connection with Henry Maudslay, 
made several machines for the Government, which were 
in successfal operation at Portsmouth Dockyard and 
elsewhere for many years. These machines were chiefly 



STEAM MORTISING AND BORING MACHINES. 149 

used for mortising ships' blocks, which operation had 
hitherto been performed by manual labour. Rees, in 
his ^Cyclopfiedia' (1819), says, ^The framing of all 
these machines is made of cast iron, and many of those 
parts which are exposed to violent and rapid motion 
are made of hardened steel, to avoid wearing; and 
where this is impracticable such parts are formed so 
that they can readily be renewed when worn out, the 
trifling repairs to cutting tools, Ac, being made by the 
workman on the spot. These circumstances we par- 
ticularly recommend to the attention of manufacturers 
who have occasion to employ extensive sets of ma- 
chinery ; for this, when well constructed, though ex- 
pensive in the erection, is cheaper in the end than 
imperfect works, which require constant repair, the 
expense of which is the least evil, as it generally happens 
that a machine will fail at that time when it is most 
wanted, in consequence of being then most worked ; and 
the loss occasioned by the stoppage of great works, par- 
.ticularly where many people are employed, is too evi- 
dent to require our notice. In the same manner, an 
attention to neatness in the appearance of machinery 
has its advamtages, by inducing the workmen to be 
careful of the machines they work at, to preserve them 
from the slightest injury, and to keep them clean from 
dust, which, trifling as it may appear, is a very essential 
part-preservation of those parts which are in rapid 
motion with friction against other parts, for dust get- 
ting between such surfaces grinds them away very fast 
and in their most essential points.' We commend the 
above paragraph to the attentive perusal of manufac- 
turers and designers of any kind of machinery, as it 
conveys several wholesome lessons. 
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The mortising machines designed by Bninel were 
arranged to cut the mortises in several blocks at one 
time. As many chisels as there were mortises to be 
cut were fitted to a vertical frame or slide, working 
between standards somewhat similar to the ordinary 
saw-frame. This vertical frame received a reciprocat- 
ing motion from a crank and connecting rod. The 
blocks to be mortised were fixed on an iron travelling 
table, arranged to pass nndemeath the chisels ; motion 
was communicated to the travelling table by means of 
a ratchet wheel and screw, so constructed that the table 
was moved forward the thickness of the chip it was 
intended to cut at each stroke of the chisels. The table 
also had a hand feed worked by toothed gearing, by 
which the operator could bring it up to the proper point 
for commencing the mortise. The chisels were pro- 
vided with small teeth, which were fitted into dovetailed 
notches, formed in the blade of the chisel, and called 
scribers. They had a sharp edge projecting a small 
distance beyond the inside edge of the chisel, and there- 
fore in descending through the mortise the scribers cut 
the sides of the mortise clear, and cut at the same time 
two clefts, which separate the chip which is to be cut 
out by the next stroke at its edges from the inside of 
the mortise, so that the chip comes out clear, without 
splitting at the edges, thus making the inside of the 
mortise as clear and smooth as possible. Each chisel 
had also a piece of steel fixed on it before the edge by 
a screw which projects from the middle of it, and is 
screwed into its blade, the upper end of the piece being 
received in a notch or groove formed in the chisel. This 
piece is for clearing the chips out of the mortise as fast 
as they are cut, for though in general these fall down 
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the block, yet it may happen they will stick in, in which 
case, without this precaution, they would clog up the 
mortise with chips, so as to impede the proper action 
of the chisel. There were three machines of different 
sizes in operation, and the medium-sized machine was 
speeded to make as many as 400 strokes per minute, 
and the work turned out is reported to have been of 
first-class quality. 

For some years no especial improvements on 
Brunei's mortising machinery seem to have been made 
in this country. Some thirty years ago Mr. Buck, an 
American, invented a machine with a somewhat in- 
genious action. The tool or chisel holder was arranged 
to slide between guides, and was actuated by a link 
similar to that used in the slide gear of a locomotive ; 
this link was worked by a crank, or eccentric. The 
link was shifted by a treadle, so that when the block of 
the tool-holder is at the fulcrum end of the link the 
chisel is at a standstill, and the further the tool-holder 
block is from the fulcrum the longer is the stroke. 

A mortising auger for making square holes, in^- 
vented by Mr. A. Branch, of New York, was described 
in the * Franklin Journal ' of Philadelphia in the year 
1826. It was stated to consist of an auger, formed, 
like the American screw auger, with the twisted part 
enclosed in a case or socket, extending from the upper 
part of the twists to the cutting edge, allowing the 
small entering screw to project beyond it. The ex- 
ternal form of the socket is either square or otherwise, 
according to the intended shape of the hole to be bored, 
a large portion of its sides being cut away to allow the 
chips to escape. The lower end of the socket is steel; 
with a sharp cutting edge bevelled towards the inside. 
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The cutting edges are not allowed to terminate in right 
lines, but are made concave, so as to admit the angular 
points to enter the wood first, this causing it to cut 
with greater ease and more smoothly than it otherwise 
would. The upper part of the socket forms a collar, 
which works freely on the shank of the auger just 
above the twisted part, and is retained in its place by 
a pin and other appendages. When a longitudinal 
hole or mortise is wanted, two or more augers are placed 
side by side, furnished with their appropriate sockets, 
and retained in their places by various contrivances. 
This form of auger was invented about the same time in 
England by a Mr. Thomas Hancock, of London, and for 
some classes of mortising it is in use at the present day. 
In 1853 Messrs. Slater and Tall brought out some 
novel machinery, especially adapted for cutting the 
wood work necessary in the manufacture of carpenters' 
planes. A mortising machine for forming the sloping 
sides of the cavity in the plane block necessary for the 
iron was very ingeniously devised, and may be briefly 
described. The cutting irons or chisels were bolted to 
two slides, facing each other, and working in dovetail 
grooves on the face of two inclined standards. The 
upper end of each of these slides was joined to a con- 
necting rod, and the lower ends of both these rods to a 
crank pin, fitted to the face of a cast-iron disc. This 
disc was keyed on to the end of a driving shaffc, run- 
ning in bearings, and fitted with fast-and-loose driving 
pulleys. The plane block to be mortised is held by 
screw clamps upon an inclined bed, set to an angle 
corresponding to the dififerent inclinations of the sides 
of the cavity required in the plane block. When the 
machine is in motion the two cutters descend simul- 
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taneously and commence their cut close together, on 
the face of the plane block, and gradually widen as the 
block is set up, until the angular cavity is cut out the 
required depth. Another machine was designed for 
cutting the grooves in the cheeks of the plane's cavity. 
This machine was fitted with expanding cutters, which 
expanded gradually at each stroke, thus deepening the 
grooves in the block. When the proper depth of the 
groove was attained, the expanding mechanism was 
thrown out of gear. Eacli of the expanding cutters 
had three cutting edges ; the outside edges widened 
the groove or slot in the plane block at each descent of 
the cutters, and the bottom edge cleared the wood 
away. The general arrangement and details of these 
machines reflect the highest credit on their designers, 
and may be studied with advantage by students and 
others. 

About this date also (1853) Messrs. Bunten and 
Lamb, of Glasgow, made some machines for mortising 
and tenoning. In their machine the mortising tool 
was held in a spindle fitted in a small frame formed 
with slides, and working in vertical guides. A recip- 
rocating motion was given to this frame by an eccentric 
movement overhead. . The eccentric shaft was carried 
by a frame having a vertical traverse movement ; and 
by means of a foot lever, which was connected to the 
frame by a rod, the mortising tool could be brought 
deeper into the wood, as required. The spindle carry- 
ing the mortising tool had upon it a pinion in gear 
with a short rack working in a slot across the frame ; a 
pin carrying a friction pulley was fitted to the back of 
the rack, and projected through the slot. This friction 
pulley acted on a transverse sliding piece, by which the 
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mortising tool was reversed when required, without 
stopping the machine. 

Mr. H. 6. Smith, of Lowell, Massachusetts, U.S.A., 
in the same year patented a plan for reversing mortising 
chisels by the foot. A grooved pulley was fitted to the 
chisel bar ; round this pulley ran a gut band ; this band 
was prevented from reversing the chisel by a stop 
piece ; a motion of the foot, however, released the stop 
piece, and allowed the chisel bar to make just one half- 
turn, thus reversing the chisel without stopping the 
machine. A novel form of machine for mortising blind 
slats was also invented by Mr. Smith, who arranged 
the chisels to work by means of a series of cams on a 
revolving wheel. Two pieces of iron, of triangular 
section, were mounted in guides, and so arranged that 
together they formed a prism of some 2 inches square, 
each half having a separate movement. In the ends of 
these sliding pieces were mounted chisels, the bevelled 
sides towards each other; these chisels enclosed the 
mortise between them ; and they could be made to any 
length or form desirable. The chisels were first driven 
singly, which marked out and sunk the mortise, and 
then simultaneously, which removed the core. The 
machine was arranged to set to any angle and to any 
distance desired between the slats, and to stop itself as 
each operation was completed. 

Another American, Mr. B. H. Otis, of Syracuse, 
New York, about this time also introduced several 
improvements into mortising machines, including a 
method of varying the stroke of the chisel by a kind 
of link motion, which was derived from any point in a 
slotted lever. By means of a suitable bend in the shaft 
the link block may be placed exactly in a line with its 
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axis, which position it assumes when released bj the 
workman, and the chisel is immediately stopped. A 
novel device, applicable to treadle-made machines, for 
relieving the foot of the operator from the unpleasant 
jarring usually felt, was fitted to this machine. The 
treadle movement was transmitted through a triangular 
frame or wedge piece, the obliquity of which was about 
equal to its angle of friction, so that little of the usual 
jarring could be transmitted to the workman. 

Prior to and following our Exhibition of 1861 con- 
siderable progress was made in mortising machinery 
in this country as well as in America. In 1849 Mr. 
W. R. Douglas, of Inveralmond, Mid-Calder, designed 
a machine for mortising, tenoning, boring, and ripping 
timber. The mortising was done by means of a fly 
wheel and double crank, connected to a cross head, 
to which the chisel was fixed. The wood was passed 
beneath the chisel between two guides, one fixed and 
the other movable, to suit different thicknesses. 

To cut tenons, the mortising chisel was removed, 
and a frame containing two saws was fixed to the cross 
head. On the driving shaft was fixed an eccentric, 
which communicated motion to a ratchet wheel, which 
fed the wood beneath the saws. The ripping saw was 
driven by a large fly wheel. 

In the year 1852 Thomas GuHd, an American, 
introduced several very important improvements into 
reciprocating mortising machines, notpibly an arrange- 
ment for graduating the stroke of the chisel by means 
of a treadle, which set it in motion, and by the aid 
of a rod and links controlled its stroke. By another ar- 
rangement this machine was enabled to cut a mortise 
nearly equal in depth to the whole length of its stroke. 
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Although certain modificatioiis have from time to time 
been introduced into it, it has substantially held its 
own to the present day as the most advanced machine 
of its class. 

In 186»3 Varrall patented a form of mortise chisel 
in which a small double-pointed tooth was centred in 
a recess, and arranged so as to project only as the chisel 
rose, thus drawing the chips out with it; this plan is, 
however, calculated easily to get out of order, and has 
never been much used. About this time also a chisel 
having serrated edges and a bird's-mouth point was 
patented by a Mr. Meyer. 

In 1854 Mr. Adancourt, an American engineer, de- 
signed for use in mortising and boring machines a some- 
what novel form of expanding boring bit, by means of 
which conical holes could be bored any desired depth, 
and the chips removed without boring right through 
the wood. In making it a bit or auge;: was formed in 
the usual manner, and then divided longitudinally into 
two unequal parts, the thicker section being formed 
with the entering centre of the bit, whilst the other 
was sprung outwards, as far as was necessary for the 
widest hole intended to be cut. An open collar was 
then fitted over the shank of the bit, so as to press the 
spring side section against the centre. The frame or 
collar-piece consisted of a pair of solid disc collars, con- 
nected by two inclined side arms, the propelling points 
of which extended down to the cutting points of the bit. 
When the bit was in operation, these points rested 
against the material being bored, and as the boring pro- 
ceeded the collar frame was gradually pushed upwards, 
thus releasing the spring section of the bit and giving it 
an expanding width for the formation of a conical hole. 
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In onr International Exhibition of 1862 a number 
of mortising machines were shown. Messrs. Green- 
wood and Batley, of Leeds, exhibited a well-designed 
machine, fitted with a graduated stroke, worked by a 
treadle arrangement. The chisel was reversed by a 
hand lever, and kept in position by a spring catch. 
The table carrying the wood had lateral and transverse 
movements, and was fitted with trunnions, which could 
be set to angle for bevel mortising. 

Messrs. Robinson and Sons, of Rochdale, exhibited 
a machine fitted with a vertical and horizontal self- 
acting feed. The horizontal transverse feed was worked 
by a cam and ratchet motion. The vertical or descend- 
ing feed was effected by means of a revolving screw, 
with a fixed bearing within the chisel bar, working 
through a nut in the stud, by which the chisel bar was 
driven. The screw was made to revolve by bevel gear 
from the crank shaft, and descending through the nut, 
carried the chisel bar with it, thus giving the descend- 
ing feed. 

The machines shown by the French engineers con- 
trasted considerably with the English exhibits, being, 
without exception, constructed on the rot^ary principle. 
M. P^rin, of Paris, exhibited a traversing mortising 
machine. The mortise was formed by a traversing 
rotary cutter, working from a horizontal spindle. • The 
cutter used for deep mortises was a kind of double 
gouge, with cutting edges for penetration, and two 
longitudinal cutting edges for traversing. For shallow 
mortises a double cutter was used, fitted to a steel 
spindle. Oh this spindle two helical threads were 
cut, by which the chips were removed. The spindle 
was fitted in a movable traversing frame, which car- 
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ried also a cutter for squaring out the ends of the 
mortise. 

MM. Bemier and Arbey, of Paris, showed a wooden - 
framed machine, in which the gouge or cutter, which 
worked horizontally, was of somewhat peculiar form. 
In appearance it was similar to an ordinary gouge, 
with a web at its extremity, subtending the arc like a 
segment of a circle ; it was found to penetrate well, and 
readily cleaned itself. A double-ended square chisel, 
squared at both edges, with two inclined surfaces meet- 
ing at the middle, was used for squaring the ends of the 
mortises, which it did without reversing. 

M. Zimmermann, of Chemnitz, exhibited a rotary 
mortising machine, the cutter of which was traversed 
by hand, but it possessed no special feature of novelty. 

Following our Exhibition of 1862, improvements in 
mortising machinery were made by Barton, McDowall, 
Wilson, and others. In McDowall's machines a chisel 
with a serrated back is used, by which plan the saving 
of a considerable amount of time is claimed, and also 
that the core is withdrawn at every stroke of the chisel, 
and prevented from jamming itself into a compact mass, 
which oftentimes bends or breaks the tool, and causes 
considerable trouble in removal. 

In 1872 Mr. J. Eichards, of London, took out a 
patent for an improved mortising and boring machine, 
especially adapted for joiners' work. It is made by 
Messrs. A. Bansome and Co., of London, and as it 
contains some features of interest, and departs some- 
what from the beaten track, we illustrate it herewith 
(figs. 27 and 28). The nmin framing is a hollow box 
casting. The chisel bar or spindle is fitted in bearings 
on the face of the main framing, and is driven by a 
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connecting rod from a crank, which, with its shaft, is 
placed at the base of the machine, thus securing greater 
freedom from vibration when running at high speeds. 
The chisel bar reciprocates freely through the bearing 
and grooved pulley, shown at the top of the machine, 
but is prevented from revolving by means of a feather. 
On the under side of the pulley are two stop pieces, 
that come in contact with a rod. A gut band passes 
round this pulley, over the idle pulley, and round the 
crank or driving shaft at the base of the machine. This 
band maintains a torsional strain on the chisel bar, 
which, on the stop rod being drawn down, commences 
to rotate ; but by releasing this rod the chisel bar is 
allowed to make one half-rotation only, being brought 
to a standstill by the two stop pieces before spoken of. 
Thus the chisel is instantly reversed in either direc- 
tion. The table on which the wood to be mortised is 
placed is raised or lowered ty a foot lever, by which 
method the chisel is enabled to enter the wood gradually 
to the required depth, thus obviating the great jar 
which occurs in machines in which the chisel is allowed 
to have a positive stroke. When the machine is work- 
ing in hard wood the boring spindle is used to form a 
clearance before the mortising is commenced. This is 
generally found unnecessary in soft wood. The table 
carrying the wood can be set to angle for diagonal 
mortises. The chisel is speeded to make 600 strokes 
per minute — a rate very much in excess of that adopted 
by most other makers. This machine has, on the 
whole, much to commend it, in general design and handi- 
ness of details, and the work turned out is of superior 
quality. This type of machine is, however, not new, as 
a similar machine has been constructed for many years 
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in America and elsewhere, dififering only in minor 
details. The workmanship exhibited in one of these 
machines we have lately seen in operation was extremely 
good. 

In the Paris International Exhibition, 1878, several 
mortising machines were exhibited, but none possessing 
any striking feature of novelty. Messrs. Eobinson and 
Son, of Bochdale, showed a compact little combined 
rotary mortising and planing machine. The planing 
table was arranged to rise and fall, and the wood was 
passed over the cattling iron. For slot mortising the 
wood was brought rapidly up to the cutter by a quick- 
threaded screw. 

We noticed one English firm of some standing ex- 
hibited a mortising machine with a positive stroke- 
that is, the chisel is driven to the bottom of the 
' mortise at the first blow, a plan in every way objection- 
able, but this may be cited as an example of the con- 
servatism that exists amongst some engineers even of 
the present day. Messrs. Gibson, of Jonsered, Sweden, 
exhibited a machine constructed after the American, or 
what is known as ^ Guild's patent.' In this class of 
machine the chisel is stopped and started by a treadle 
movement. 
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CHAPTER XVII. 

STEAM MOETISING AND BOEING MACHINES — continued. 

Although mortising machines may be classified under 
two heads, reciprocating and rotary, these motions are 
subjected to many modifications or arrangements 
adapted to different or special classes of work. It was 
the practice in this country for some years to construct 
reciprocating machines with a positive blow — that is, 
the chisel was allowed to plunge into the wood the full 
depth of the mortise at the first stroke, thus, in hard 
wood especially, causing an undue strain on the ma- 
chine, breakage to chisels, and other evils. This plan 
has very generally been modified, or altogether aban- 
doned. For door sashes and such like light work, perhaps 
the most simple and convenient form to construct a 
machine is so to arrange the chisel bar that it has a 
positive and continuous motion, and the wood that it 
can, by the foot or other means, be raised gradually up 
to receive the action of the chisel. By this plan the 
chisel is allowed to enter the wood by degrees, working 
deeper and deeper at each stroke, and the jar and 
concussion before spoken of are done away with. It 
also has the additional advantage of simplicity, and 
can safely be driven at a higher rate of speed. The 
table carrj'ing the wood should be arranged to angle in 
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either direction for bevel mortising, and to travel 
laterally under the chisel — a rack and pinion is a con- 
venient motion. For light mortising the wood is often 
not clamped, but fed to the chisel by hand. 

In some of the American mortising machines — 
which, on the whole, may be said to be in advance of 
ours — we have seen a novel form of compound treadle 
arranged to produce a varying throw of the table, as 
the change of work or depth of mortise may render 
necessary. An additional advantage in this treadle is 
that, though the machine may be run at a high speed, 
little vibration is felt by the operator. In a large 
number of the American machines the chisel bar is 
arranged with a graduated stroke. This motion is 
obtained by lengl.hening the connection from the 
eccentric to the chisel bar, starting from a still point 
above the extreme upper throw. This form, although 
possessing several advantages for the heavier classes of 
work, is considerably more complicated and less durable 
than the machine in which the crank shaft has a fixed 
position. In all machines a separate, vertical boring 
spindle should be provided, of sufiicient range to reach 
the bottom of the deepest mortise. The centre of the 
boring bit should be exactly in a liue with the centre 
of the chisel, so that after a clearance hole has been 
bored in the wood, it has only to be moved laterally to 
bring it directly under the chisel's action. In gradu- 
ated-stroke machines the table carrying the wood, 
in addition to lateral and transverse adjustments, 
should be arranged to rise and fall to suit different 
thicknesses. 

For mortising wheel stocks a separate slide must be 
provided, fitted with chucks or centres, to take the 
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place of the ordinary table, and the stock is held be- 
tween them. A dividing or index plate shoald be 
attached to one of the centres, and so arranged that 
any number of mortises can be cut in the stock without 
the necessity of marking out. The length of the mor- 
tises can be regulated by stops or otherwise. As a 
certain amount of angle, or * dish,' is required in these 
mortises, the table carrying the centres must be 
arranged to cant. 

Another form of machine, of American origin, but 
first made in this country some five-and-twenty years 
ago, is arranged with the chisel bar, crank shaft and 
its connections, fitted on a slide; and they are all 
brought down to the work by a connecting rod and 
counter*weighted treadle, thus enabling the chisel to 
enter the wood gradually. When the foot of the opera- 
tor is removed from the counter-weighted treadle, the 
slide and chisel will rise from the work. This form of 
machine can only be recommended for the lighter class 
of mortising, as for the heaviest railway and other 
work the vibration is found to be excessive. 

We have seen some well-arranged machines of this 
class made by Messrs. C. R Rogers and Co., of Norwich, 
Conn., U.S.A., whose patent, we believe, it originally 
was. Iteir method of reversing the chisel deserves no- 
tice. When one end of a mortise is completed, the 
operator removes his foot from the counter-weighted 
treadle, the chisel slide rises, and the chisel is reversed 
by a worm on the chisel bar ; it is then brought down 
again into action, and the mortise is completed. 

In mortising machines for the heaviest class of 
work the boring spindle can with advantage, in addi- 
tion to its ordinary boring operations, be arranged for 
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slot mortising. This can be secured by mounting the 
spindle in a bracket sliding transversely on the face of 
the main column of the machine, and motion can be 
imparted to this bracket by an adjustable crank driven 
from a countershaft. 

Machines are sometimes constructed where the 
stroke of the chisel is governed by a variable eccentric, 
which increases or diminishes the throw in either direc- 
tion ; but, except for very special purposes, these, owing 
to the increased vibration and consequent wear, cannot 
be recommended. 

Having discussed briefly the various forms of mor- 
tising machines with a reciprocating motion, which, by 
the way, must be considered by far the most important 
class, we conclude our notice with a few remarks on 
rotary machines. The principle of cutting mortises 
with a rotary bit or cutter (invented and described by 
Bentham, 1793) has the great advantage of simplicity, 
but has the disadvantage of leaving the ends of the 
mortise round and not square, as in the reciprocating 
machines; but when used for chair-maker's work, 
posts, &c., where a round-headed mortise is no detri- 
ment, it has many advantages. Amongst others it can 
easily be applied and worked in conjunction with saw 
benches, tenoning, and other machines possessing hori- 
zonta<l spindles running at a sufficiently high rate of 
apeed. For chair or other work where a large number 
of duplicate pieces are required, it is much more expe- 
ditious than a machine with a reciprocating motion, 
and can readily be applied to either curved or straight 
work. In saw benches and machines with spindles in 
a fixed position the wood is usually cramped pn a 
slide, which receives a transverse motion from a hand 
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lever. It is fed forward to the mortisiog auger by a 
hand wheel and screw, or other suitable means. This 
slide or table is made to rise and fall, and is fitted with 
adjustable stops, which accurately gauge the length 
and depth of the mortise. This arrangement is found 
very serviceable for many kinds of rough mortising, 
such as posts for fencing, hurdles, &c. 

Rotary or, as they are sometimes called, slot mor- 
tising machines are often used for mortising the heavier 
class of railway- waggon and other work. The wood is 
usually cramped firmly on a travelling carriage or bed 
with a self-acting motion. The spindle carrying the 
mortising auger is mounted in a slide having vertical 
and transverse movements, and is brought to the work 
by a lever. The depth of the mortise is regulated by 
stops on the slide frame, and the length by stops on the 
traveUing carriage. 

Some years back a Mr. Lemmans, an American, 
designed and patented a very complete rotary mortising 
and boring machine, especially adapted for chair work, 
either straight or curved. One end of the spindle car- 
rying the mortising auger moved in a ball-and-socket 
joint, which allowed the spindle to revolve, and the 
vibrating end to be moved in any desired direction. By 
means of a curved bar upon which the movable end of 
the boring spindle slides, either curved or straight 
mortises could be produced. When the curved bar is 
placed horizontally, the mortises are straight, but when 
inclined to the perpendicular they are curved. An ad- 
justable crank and connecting rod served to regulate 
the traverse of the mortising auger. The table on 
which the wood is cramped is moved by a lever and 
rack and pinion, by which the depth of the mortise can 
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be regulated ; and the table is also raised or lowered 
by a hand wheel and screw, to suit the different positions 
of the mortises. When a number of small mortises in 
hard wood are required, mortising machines on the 
rotary principle should be adopted, as being more ex- 
peditious and easier of management than the recipro- 
cating machines, as in these considerable inconvenience 
is caused from the bending of narrow chisels, the diflB- 
culty of removing the core in deep mortises, &c. 

A convenient form of machine for this class of work 
is one in which the revolving auger is made to have a 
traversing movement, by means of an adjustable crank, 
the wood being stationary. By this plan no difficulty 
is found in removing the core even from the deepest 
mortises. Arrangements should be added to vary the 
speed of the mortising auger, according to the nature 
or quality of the wood being operated on. 

For boring and mortising blind stiles, &c., Messrs. 
J. A. Fay and Co., of Cincinnati, United States of Ame- 
rica, have introduced an ingenious machine. The stiles 
are mortised or bored in pairs. The boring spindles 
are worked by means of a cam, which, after each ope- 
ration is completed, returns to its original position, 
ready for the next pair of stiles. The depth of the 
mortises is regulated by a vertical adjustment of the 
spindles, and the distances between the mortises by a 
rack to which the spindles are attached. They can be 
cut at an angle, if desired. The stiles are held firmly 
whilst being worked, but are released and fed forward 
as required by a self-acting feed, which cramps them 
again as before. In France the great majority of the 
mortising machines are on the rotary principle; a 
simple hollow bit is used, and the round ends of the' 
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mortise are afterwards squared by a double-faced chisel. 
Machines adapted for boring only are constructed in 
endless variety, according to the nature and quantity 
of the work to be performed. 

The operation of boring holes in wood by mechanical 
means is doubtless very ancient, but when the first com- 
bination that may be dignified by the name of ^ machine ' 
was first constructed we have no record to show. Sir 
Samuel fientham's oft-quoted patent specification (1 793) 
contains ^ long description of tools and appliances for 
boring wood, including most of the ordinary boring 
tools now used. Before the introduction of iron pipes 
for carrying water, wooden pipes were used, and these, 
it seems, were bored by machinery. Belidor speaks of 
& machine for this purpose, where the tree to be bored 
was securely fixed on a travelling carriage. A vertical 
shaft, put in motion by a water wheel, is made to give 
rotary motion to a horizontal shaft, carrying at its 
extremity an auger. Motion was also given to a drag 
wheel, the rope on which was attached to the travelling 
carriage bearing the tree, so that as the borer out its 
way the travelling carriage was gradually drawn towards 
its work till the hole was cut through. The carriage 
was now run back, and a larger auger introduced, till 
the hole attained the requisite diameter. By another 
plan the tree was made to revolve. 

A Mr. Murdock, in 1810, took out a patent for an 
improved machine for forming: wooden or stone pipes. 
For boring wood he employed a hollow cylinder, fitted 
at its extremity with a circular trepanning saw. The 
tr^e was placed vertically above the cylinder to admit 
of the dust falling out of the saw kerf as the operation 
proceeded. . The boring cylinder was given a rotary 
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motion by means of rope gear worked by manual labour, 
aiid as the saw cut its way the core entered the hollow 
of the cylinder whole, thus wasting little material. 

The general form of machine at present in use is 
too well known to need much description. For special 
purposes, such as boring dowel holes in chair frames, 
or where a large quantity of similar work has to be 
performed, especial means must be adopted. For chair 
work the writer can confidently recommend the follow- 
ing plan : — In a circular frame or pulley mount hori- 
zontally two or more boring spindles, in arms swinging 
radially from a centre spindle. These arms must be 
capable of being moved round, and fixed to any part of 
the circumference of the circular frame, according to 
the distance apart it is desired to bore the holes. A 
sliding table, with vertical and transverse movements, 
should be fitted horizontally beneath the boring bits, 
to carry the wood. Stops to regulate the depths of the 
holes can be fitted to the table, and the whole, with fast 
and loose pulleys and countershaft, can be mounted on 
a suitable column. Should it be required to bore the 
holes at an upward or downward angle, the table can 
be fitted with a radial adjustment. For general pur- 
poses what is known as the American screw auger is 
the most expeditious and reliable form of boring bit to 
use. 

In designing mortising and boring machines with a' 
reciprocating movement it is important that the main 
column should be of sufficient strength to overcome 
the continuous vibration of the chisel. The hollow or 
'cored* pattern column, with an extended base, is 
undoubtedly the most satisfactory form. We need 
hardly add that the workmanship must necessarily be 
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of the very best, this applying more especially to the 
machines constructed with a graduated stroke, whose 
reciprocating parts should combine, in the greatest 
possible degree, lightness and strength. In the gra- 
duating movement each part should be bored, turned, 
and compensated, or this form of machine will be found 
to deteriorate rapidly. 
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CHAPTER XVIII. 

TENONING MACHINES. 

Mortising and tenoning are so inseparably connected, 
as being together in fact the principal joint used in 
wood-working, that, following mortising, we naturally 
discuss tenoning machines. The invention of a system 
or machine- for cutting tenons otherwise than by hand 
labour is generally attributed, and we believe correctly, 
to Sir Samuel Bentham, in 1793 ; at any rate, there is 
no doubt that he was the inventor of the principle of 
rotary cutters for working wood, and that about this 
time machines for forming tenons were made and sup- 
plied to the Government of this country. There is not, 
however, as far as we are aware, any record of the 
system pursued, or whether the tenons were formed 
with saws or cutters. Tenons were formerly cut by 
hand, with what is known as a tenon saw ; a plan of 
cutting them with an arrangement of reciprocating 
chisels seems to have been tried also, and abandoned, 
as slow and uncertain. The machines at present in 
use maybe divided into three classes, as follows: — 
(1) Machines which form the tenons with cutters 
running parallel or vertical, and working across or with 
the grain of the wood. (2) Machines which form the 
tenons by an arrangement of saws. (3) Machines in 
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whicli the wood to be tenoned is held vertically, and 
passed between circolar cutter discs or saws. These 
three principles are, however, often combined or modi- 
fied^ to suit special requirements. 

Class No. 1, with cutters working parallel and 
across the grain of the wood, is the most simple and 
generally adopted system for all ordinary classes of 
work. In these machines two or more cutter-block 
spindles, revolving at a high speed, are mounted in 
sliding brackets, having vertical screw adjustments, 
which can be worked either independently or simulta- 
neously, upon the face of an upright column. Some- 
times the upper cutter-block spindle is furnished with 
a lateral movement in addition, to enable it to cut one 
shoulder of a tfenon longer than the other, if wished. 
The wood to be tenoned is cramped on a travelling 
table having a transverse movement, but working 
parallel to the centre of rotation of the cutter blocks. 
This travelling table is usually mounted on friction 
pulleys, running in V-shaped guides, and, except in the 
heaviest machines, which are fitted with a self-acting 
motion, is traversed to and fro by hand. The adze 
irons or cutters are flat, and are arranged at an angle 
on the blocks which gives a kind of shearing cut ; seg- 
ments of saws or lancets are fitted at right angles to 
the block, for cutting the shoulders of the tenon. For 
cutting double tenons a vertical spindle, fitted with a 
* drunken ' saw or cutter disc, is provided ; for scribing 
the shoulders, in lieu of the saw, a suitable cutter 
disc or block is substituted. The cutter-block spindles 
are driven by an * in-and-out ' belt, which passes over 
an idle tightening pulley, which can be adjusted to any 
required degree of tension by means of a pulley and 
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weighted rope or hand wheel and screw, thus securing 
a constant and uniform grip of the belt. 

For the heaviest class of work, such as is used in 
the construction of railway waggons, Ac, which is 
sometimes too heavy to be traversed readily past the 
cutter blocks, a plan often pursued is to mount on a 
vertical spindle three movable cutter blocks, which can 
be adjusted to cut single or double tenons of any size. 
This cutter spindle is mounted on a travelling carriage, 
and is made to traverse past the end of the timber 
to be tenoned, which is carried on a suitable table, 
attached to the main frame of the machine. The 
timber, when under the action of the cutters, is cramped 
tightly against a fence, which is arranged to cant for 
cutting diagonal tenons. 

After hand labour the first mechanical method 
adopted in forming tenons was by an arrangement of 
circular saws, working at right angles to one another 
(Class 2), those running parallel to the grain of the 
wood cutting the sides, and those at right angles the 
shoulders, of the tenon. The two saws cutting the 
sides of the tenon are of the same diameter and 
mounted on the same spindle, a collar being placed 
between them to regulate the thickness of the tenon ; 
the saws forming the shoulders are mounted on separate 
spindles, running at right angles to the above. This 
method of cutting tenons has, however, almost entirely 
given way in favour of the rotary-cutter system, which 
-produces a higher class of work at a greater speed, 
and is much easier of adjustment for special purposes. 
For cutting simple tenons on a rising spindle saw-bench 
it is, however, of value, and some French engineers 
even now construct machines on this system ; but for 
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what reason this conservatism exists we are at a loss 
to see. For cutting round or oval tenons, such as are 
used for the spokes of wheels, blind slats, &c., the plan 
adopted in America is to carry the cutter head round 
the piece to be tenoned, or to make it rotate against a 
revolving cutter-block. Tenoning machines, working 
with rotary cutters, similar to those now in use, were 
first made in America — at any rate, in any numbers — 
by the late Mr. J. A. Fay — originator of the well-known 
firm of that name now trading at Cincinnati, U.S.A. — 
in the year 1840, or thereabouts. The framings of 
these machines were of wood ; they were well designed 
and constructed, had most of the adjustments as now 
in use, and are reported to have turned out a large 
amount of excellent work ; in fact, it may be said that 
of all the wood- working machines these, since their 
first introduction, have received less alteration in their 
general design and functions than any other. Of course 
various minor modifications and improvements have 
been introduced from time to time, as experience or 
necessity has dictated ; but the inventor or designer of 
a machine for so important an operation in wood- work- 
ing as tenoning, that has stood the test of a long 
series of years without any important alteration, must 
have been a man of no mean talent, especially when we 
consider the many thousailds of machines that have 
during these years been constructed on this principle. 

One of these wooden-framed machines was shown 
in London, at our International Exhibition of 1851 ; 
it was copied by several English firms, and has been 
manufactured extensively ever since. 

In our International Exhibition of 1862 several 
tenoning machines were exhibited, but none possessing 
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any special feature of novelty. A. heavy tenoning ma- 
chine shown by Powis, James, and Co., London, was 
fitted with a self-acting table, which, after the tenon 
was formed, was, by means of a clutch coupling, re- 
versed at double speed. In the machine exhibited by 
Bobinson and Son, of Bochdale, the cutters were twisted 
obliquely, and so screwed to the block, 

MM. Bernier and Arbey, Paris, showed a machine 
in which the cutters revolved at right angles to the 
wood, and with the grain — ^the reverse of the general 
English method, which works across the grain. 

About the year 1866 Powis, James, and Co., 
of London, introduced an improved tenoning and 
cross-cutting machine, especially adapted for cutting 
single or double tenons on the diagonals, sides, and 
bearers of railway waggons, and similar work. The 
table carrying the timber had a self-acting traverse 
motion, and was constructed to carry four waggon sole- 
plates at once. It was also arranged with a circular 
swivelling motion, so that when the one end of the 
timber had passed through the cutters, the table was 
swivelled round, and the other end subjected to the 
same operation on its return motion. A circular cross- 
cutting saw was mounted on a slide, fitted to a separate 
column on the bed plate of the machine. This saw was 
arranged to cross-cut the pieces of timber being te- 
noned, thus bringing them all to one uniform length. 

A few years since C. B, Rogers and Co., of Nor- 
wich, U.S.A., patented some improvements in tenoning 
machines, consisting chiefly of a novel form of adjuster 
ing screws for regulating the cutter blocks and the 
thickness of the tenon. This screw is made hollow, 
and worked through a lock nut at the top of the main 
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column ; it is attached to the top cutter-block sliding 
brackets, and is operated by a hand wheel. Inside the 
hollow screw is fitted another small screw, which is 
worked by a crank handle above the hand wheel before 
spoken of; this smaller screw passes through a lock 
nut in the bottom cutter-block bracket. By moving 
the crank handle the lower cutter block is moved, and 
the space between the blocks is adjusted to suit the 
thickness of tenon ; the bottom lock-nut now fastens 
it in position. By moving the hand wheel and hollow 
screw, both cutter blocks are moved at once, and can be 
adjusted to any desired height above the table carrying 
the wood ; they are then fixed firmly in their position 
by means of the top lock-nut. If the two lock nuts 
are slackened, and the hand wheel turned, the upper 
cutter-block alone moves. The vertical scribing-spindle 
block, or ' cope head,' as it is called in America, moves 
with the horizontal cutter-blocks ; but it can be ad- 
justed separately, if desired. The upper cutter-block 
slide has lateral adjustment for tenons with varying 
shoulders, and a pulley and weight are arranged to 
take up automatically the slack of the driving belt. 
An apparatus for setting the knives is also provided, 
and altogether this machine is of an advanced type, 
and has much to commend it in its general details and 
convenience for working and adjusting. 

Amongst the tenoning machines adapted for special 
purposes may be mentioned the American blind slat 
machine, patented by a Mr. Ellis. It is constructed to 
cut the cylindrical tenons and shoulders on both end« 
of a blind slat at the same time. Two sets of small 
circular saws are mounted on spindles running in 
brackets, each having lateral adjustment. Fitted to 
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these brackets are two revolving disc guides, slotted 
through their sides to receive the blind slats and feed 
them to the saws. The slat being made to revolve, 
the periphery of the saw always cuts from the edge of 
the slat to the centre, thus forming a cylindrical tenon. 
It is adjustable to diflPerent lengths and widths of slats, 
and the size of the tenon can be also varied. The slats 
are fed by hand. For the same purpose Messrs. J. A. 
Fay and Co., of Cincinnati, make a very complete 
machine, with a self-acting feed ; it is a combination 
of the patents of Ellis and Bickford. By an arrange- 
ment of the saws, two tenons are cut and divided at 
one operation. A pressure on a treadle causes the slat — 
which is fed «nd-ways through rotating discs or chucks 
— to revolve, and carries it to the saws ; by releasing 
the treadle, the slat is stopped and fed to a gauge, and 
the driving belt is slackened, so as to slip and not drive. 
The plan of cutting tenons with circular saws or discs 
is generally confined in this country to circular saw 
benches, or the class of combination machines known 
as general joiners. 

In designing tenoning machines with rotary cutters, 
care should be taien that the main column is of suffi- 
cient strength to overcome the vibration of the cutter 
blocks; a hollow or cored pattern is the best form. 
The table carrying the wood should also be cast in one 
piece, and both column and table fixed securely to a 
strong foundation-plate. The cutter blocks and bear- 
ings should have lateral and vertical adjustment ; they 
can be fixed in dovetail slides, and adjusted laterally by 
a hand wheel and screw ; these slides should be scaled, 
so that shoulders of unequal length can be cut to any 
desired gauge. The adze blocks should never be shifted 
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on their spindles to effect this object, as the practice is 
both dangerous and uncertain. The scribing spindles 
for cutting double tenons, &c., should have both lateral 
and vertical adjustment. The cutters used should be 
of thin section, and fixed at an acute angle. We have 
found cutters with a steel face and wrought-iron back 
the most suitable, and less liable to accident. The 
carriage carrying the wood, which is traversed by hand, 
should be very light, and run on grooved rollers work- 
ing on V-shaped guides. It should be fitted with a 
straight fence bar, and a quadrant for bevelled shoulders, 
both accurately scaled. A sliding stop for setting out 
lengths should also be provided, with a suitable cramp, 
fitted with a quick- threaded screw for holding down the 
wood. As the cutter-block spindles and bearings are 
made movable, a complete and uniform grip of the inter- 
laced driving-belt must be secured ; a grooved pulley, 
with rope and weight, as it works automatically, is per- 
haps the most convenient and simple arrangement, and 
is generally to be found on the most advanced type of 
American machines ; on these machines, too, an appa- 
ratus is provided for setting the knives. The driving 
pulleys and belt should be made wider than is the prac- 
tice on most machines, as the cut taken is considerable. 
We have found the belts known as ' Helvetia leather ' 
are the best for this purpose, as they are ta.nned some- 
what rough on the surface, are very pliable, and grip 
the face of the pulleys well. The spindles should be of 
steel, the bearings adjustable, and made of a hard gun- 
metal or phosphor bronze, and care should be taken as 
to their lubrication. 

Our illustration (fig. 29) represents an improved 
tenoning machine, especially adapted for the class of 

N 2 
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work required by builders, joiners, pianoforte makers, 
cabinetmakers, &c. It will, in addition to cutting 
tenons up to 6 inches in thickness by 22 inches wide, 
accomplish the most delicate work required by cabinet 
and pianoforte makers. The top cutter-spindle and 
bearings are adjustable laterally in a dovetail slide, by 
means of a screw obviating the uncertain method of 
shifting the adze block on its spindle, for cutting tenons 
with shoulders of unequal length. The fence bar and 
quadrant for bevelled shoulders are accurately scaled. 
The machine and countershaft are self-contained, and 
carried on a strong iron bed-plate, cast in one piece. 
A ' drunken ' saw is fitted on a vertical spindle at the 
back of the machine, for forming double tenons. The 
cutter spindles are of steel, and the bearings of phos- 
phor bronze. 
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CHAPTER XIX. 
'general joiners' and combination machines. 

The combining of the functions of several machines 
into one, under the title of * general or universal 
joiners,' is of comparatively modern origin, and is more 
or less confined to this country, as we find very few 
machines of this class in use in America or on the 
Continent, although it is doubtless preferable, where 
the machines can be fully and constantly employed, 
that they should be separate and distinct; but as a 
large number of the building establishments in this 
country are not of sufl&cient extent to so profitably . 
employ them, a well-designed combined machine, per- 
forming a considerable range of work, and produced in 
the first instance at a moderate cost, cannot but be of 
considerable value. On the first introduction of * general 
joiners ' they were very generally condemned, it being 
held that it was impossible to combine satisfactorily in 
one machine so great a range of work. This idea has now, 
however, been sufficiently disproved, although a large 
number of engineering abortions tended for some time to 
throw discredit on these very useful machines ; we- re- 
member one production especially, made some years back 
by a firm of repute. In this combination no less than 
five distinct machines were crowded together on one bed 
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plate. As these necessarily ran at short centres, were 
inconvenient to work, and cost nearly as much as 
separate machines, we can hardly see what can be urged 
in their favour. We need hardly remark that very few, 
if any, were made after the first one. We believe the 
first * general joiner ' was designed by a Mr. Whines, in 
the year 1858, and was made by the firm of Samuel 
Worssam and Co., of London, who exhibited one of 
them in the International Exhibition of 1862 ; it has, 
however, since then been much improved by various 
makers, and the range of its work extended. About 
this date also a Mr. Sketchley, of Weymouth, designed 
a light machine of a similar class, but they were not 
made in any great numbers. Mr. Thomas Ladyman, 
of Bochdale, a few years since patented a compact little 
machine, fitted to a * cored ' pattern framing. Two 
tables are arranged to rise and fall independently, the 
one being adapted for moulding and sawing, and the 
ather for boring and slot-mortising. The saw table is 
arranged with a false top and stop piece for cross- 
cutting and for boring endways. A slide is also fitted 
for turning circular mouldings, as in a lathe. The 
machine has four speeds, ranging from 488 to 2^250 
revolutions per minute, according to the work to be 
performed. In the year 1867 Mr. S. Worssam, of 
London, patented an improved general joiner. The 
improvements consisted, firstly, in the application to 
such machines of an apparatus whereby tenons may be 
completely cut in one traverse of the wood, and also the 
application to such machines of an arrangement for 
producing larger and more perfect mouldings, and an 
improved arrangement for squaring out the end of 
mortises left of semicircular form. This machine, with 
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its various appliances, is capable of performing nearly 
the whole of the operations required in a joiner's shop, 
including sawing, planing, moulding, tenoning, mortis- 
ing, boring, mitring, chamfering, beading, rebating, 
grooving, tonguing, &c. All these operations are per- 
formed independently of each other, or in conjunction. 
The planing and moulding are performed by rotary 
cutters, a self-acting roller feed carrying the wood 
beneath the cutters. The speed of this feed can be 
graduated to suit the nature of the wood being operated 
on. Tenons are formed either with circular saws or 
rotary cutters, as may be desired. The wood is held in 
a vertical position by a suitable cramp. The mortising 
is performed by a rotary auger, the wood being traversed 
up to it by a hand lever ; the lengths and depths of the 
mortise are regulated by stops. Curved mouldings are 
worked on a separatee vertical spindle. A traversing 
plate for cross-cutting, squaring, mitring, Ac, is fitted 
to the saw table, and altogether this machine must be 
pronounced one of the most eflBcient of its class. We 
illustrate it (figs. 30 and 31). 

Messrs. A. Bansome and Co., of London, also intro- 
duced, a few years ago, an improved general joiner. 
In this machine the saw and spindle are distinct from 
those carrying the moulding and planing blocks. The 
tenoning operation is performed by cutters, which has 
the advantage of accuracy; for cutting tenons with 
shoulders of unequal length, it is necessary to alter the 
position of one of the cutter blocks on its spindle 5 this 
plan can hardly be approved of, as it is both dangerous 
and uncertain. Double tenons are formed, and the 
shoulders scribed by means of cutter discs fitted to a 
vertical spindle. The top and bottom cutter-block 
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spindles for planing and moulding are fitted with bear- 
ings at either end of the block, which ensures steadiness, 
and is in favourable contrast to the overhanging blocks 
sometimes introduced, which, except for small, light 
work, must be condemned. The wood is fed by a pair 
of revolving rollers, the top one of which is arranged to 
* give ' to any unevenness in the timber ; both rollers 
are driven, which increases the feeding power. The 
details of this machine are well apportioned, and the 
framing and general arrangement is good. 

Amongst combination machines, although differing 
essentially from the English general joiners, must be 
mentioned the American machine known as Climer 
and Riley's patent universal wood-worker. It par- 
takes chiefly of the character of an outside cutter, 
moulding and planing machine, with extended spindlea 
and cutter blocks, witii two tables arranged with vertical 
and lateral adjustments on either side of the machine. 
The frame of the machine is cast in one piece, and the 
main cutter-block spindle is fitted with outside movable 
self-oiling bearings, and divided in the centre so that by 
meansof adoublefriction pulley on the countershaft which 
carries two belts the ends of the spindle may be started or 
stopped separately or simultaneously, as may be required. 
The machine is arranged to operate on four sides of the 
wood at once, and the vertical side-spindles have vertical 
and lateral adjustments. The top cutter-block is ar- 
ranged to be set to different angles, and all cutter blocks 
are made movable, and can be replaced by tenoning, 
rebating, panel-raising, matching, grooving, or other 
irons, according to the work to be performed. A ripping 
or cross -cutting saw can also be substituted for the 
cutter block, which, with the aid of an adjustable fence, 
converts the one side of the machine into a saw bench 
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It is also arranged for boring and slot-mortising, wave 
and circular moulding. The whole of these operations 
can be performed by one horizontal spindle, with 
different arrangement of tables, cutter blocks, or fences, 
according to the work to be carried out. 

In designing a general joiner or other combination 
machine, the great point to aim at is simplicity of the 
mechanical arrangements, combined with ready adapta- 
bility to the various work to be performed, the whole 
being under the easy control of the operator. Mistakes 
have often been made in constructing the general details 
of too complicated a character, so that even when 
eflSciency of production is attained it is more or less 
neutralised by the first cost, cost of working, keeping 
in repair, and the amount of skill required to operate. 
Some designers also strive to give their productions too 
wide a field of operation, losing sight of the fact that a 
moderate range of work, rapidly and accurately per- 
formed, must be held to be in every way better, and 
commercially more economical, than a greater variety 
of work indifferently turned out. By some engineers 
various appliances for joinery purposes have been added 
to the ordinary rising- spindle circular-saw bench. The 
planing is generally performed by means of a cast-iron 
disc, fitted with suitable cutters, which project slightly 
beyond the face of the disc. This disc takes the place 
of the circular saw, and the wood is fed by hand between 
its face and that of the fence plate. For squaring up 
and rough planing, this plan may be of some value, 
but for a finer class of work it cannot be recommended. 
Considerable skill and care is also necessary in operat* 
ing, as the cutters require to be very finely sharpened and 
adjusted, or the work turned out is of a very inferior 
quality. 
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CHAPTER XX. 

DOVE-TAILING MACHINES. 

The important operation in joinery known as * dove-tail 
jointing ' has for many years afforded ample scope for 
inveDtive genius. Numerous attempts to perform this 
operation by mechanical means have been made, but, 
with one or two exceptions, with scanty success. Dove- 
tailing with conical cutters was invented by Sir Samuel 
Bentham in 1793. Since that time numbers of ma- 
chines have been introduced, but most of them have 
failed, either from inequality of wear in the cutters pro- 
ducing misfits in the wooden joint, from complexity 
of the details of the machine, difficulty of adjustment, 
or roughness of the work turned out. 

About the year 1866 a Mr. Wimshurst took out a 
patent for dove-tailing with a series of cutters, the wood 
being brought up to the cutters from below. About the 
same time, too, a Mr. Burley took out a patent for a 
machine for cutting dove-tails by means of a series of 
reciprocating chisels, the wood being fixed on an ad- 
justable bed, which could be inclined in either direction. 
The dove-tail ^ pin ' was formed in two cuts, the adjust- 
able bed being inclined in the opposite direction after 
each cut was made. The * dove-tails ' were formed by 
a series of saws of varying diameters, the smaller saws 
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being placed at either end and revolving on the same 
axis; two tables, set at an angle to each other and 
below the saws, carried the wood. These tables were 
arranged with a vertical motion, and the wood was 
brought up to the saws, which made an oblique cut ; the 
wood was then placed on the opposite table, and a 
second oblique cut completed the ' dove-tail,' the depth 
of which was regulated by stops. 

One of the most complete machines at present in use, 
and one that has stood the test of time, was invented 
and patented by Mr. S. T. Armstrong, of New York, 
about the year 1866. It is manufactured in this country 
by Messrs. Robinson and Sons, of Rochdale, and we 
illustrate it (fig. 82). The design and mode of action are 
exceedingly novel, and differ essentially from anything 
that has preceded or followed them. Its action may 
briefly be described as follows, but cannot be fully ex- 
plained without lettered drawings : —Two circular saws 
or discs are mounted to run loosely on two short pins ; 
they are inclined to one another, at the same angle as 
the two sides of the dove-tail pins. These circular saws 
are geared together by two bevel-toothed rings, fitted 
upon their adjacent faces. Motion is given to them by 
bevel gearing working into a bevel ring fitted to the 
outer face of one of them. 

By suitable gearing the inclination of these saw 
discs can be changed from vertical to horizontal, and 
arranged to cut the ' pins ' or • dove-tails ' as required. 
The table carrying the wood is made self -feeding, and 
placed radially to the saws, and the cuts are made at 
right angles to the wood. The action of the machine, 
although extremely ingenious, is somewhat complex, 
and I cannot do better than refer those of my readers 
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'who wish thoroughly to understand its mechanism to 
the original patent specification. 

Some fourteen years since Messrs. Greenwood and 
Batley, of Leeds, introduced a dove-tailing machine of 
American origin, which was arranged to work either bv 
hand or steam power. The dove-tails were formed by a 
series of cutters or gouges, acting consecutively, each ^ \ 

taking a small cut ; these cutters were held in stocks, 
and were mounted in a movable slide, and traversed to 
the wood by a rack and pinion; no less than fourteen 
cutters were employed in this machine to make a perfect 
dove-tail. 

In the Paris International Exhibition in 1867 M. 
Zimmermann, of Chemnitz, showed a dove-tailing ma- 
chine consisting of three horizontal adjustable spindles, 
mounted with cutters suitable to the dove-tail required. 
The wood was fixed in a vertical slide, and the counter- 
part cui by means of plain revolving disc?, the table 
being arranged to angle in either direction to produce 
on the wood the proper degree of bevel. 

In the year 1872 Mr. Tighe Hamilton, of Dublin, 
patented a series of improvements in machinery for 
cutting dove-tails. We illustrate in figs. 83 and 34 
machines of recent construction. 

These improvements, or we might more properly » 

say inventions, possess very considerable originality of 
ideas. The dove-tails and pins are cut by means of the 
peculiar motion imparted to an ordinary circular saw. 
The saw is mounted on a spindle, part of which is bent 
at a such a degree of obliquity to its central line as is 
necessary to produce the angle of the dove-tails. This 
spindle is free to reciprocate as it rotates, and the^ saw 
swings to and fro in planes passing through a vertical 
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diameter for cutting the tails^ or through a horizontal 
diameter for cutting the pins. Any sized dove-tails can 
be cut, this being effected by causing the planes of the 
saw to intersect in other lines those th^t pass through 
the centre of the spindle. Pig. 34 represents a front 
view of a machine, in which the traverse of the head 
which carries the saw is horizontal, whilst that of the 
table which carries the boards is vertical. In fig. 33 
these motions are reversed, that of the head being 
vertical and the table horizontal. The plane of the 
saw is kept in any desired position by means of an 
adjustable guide plate. The machines under notice 
are constructed on truly scientific principles, are easy 
of management, and possess less of complication than 
others of the same class, and, from their readiness of 
adaptation to varying sizes, spaces, and thicknesses of 
dove-tails, should be of especial value in cabinet work, 
in which the changes are often numerous. 

Amongst numerous other machines designed to cut 
^ dove-tails ' by means of conical cutters may be men- 
tioned one designed by Mr. Ramsbottom, late of Crewe. 
In this machine the cutter spindle is arranged to re- 
volve in a long cast-iron socket. This socket works in 
a slide fitted to a circular plate, attached to the main 
frame of the machine. The circular plate is arranged 
so as to be at right angles to the table while cutting 
the dove-tail, and can be set to any desired angle for 
cutting the pins. The cutter slide is brought to its 
work by a counterbalanced treadle, and by means of 
change wheels dove-tails of various sizes can be cat. 
Some years back a Mr. Evart patented in America a 
conical cutter machine carrying a number of cutter 
spindles driven by an interlaced belt. These spindles 
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were mounted in a frame having vertical and diagonal 
movements, and were brought down to the work by a 
hand lever. The great objection to this and other 
conical cutter machines, especially when carrying a 
number of spindles, is the extreme diflSculty of keeping 
the various cutters to one size, which, in actual practice, 
is found to be almost an impossibility, the result being 
that the pins and dove-tails produced are misfits. A 
machine, however, exhibited by Messrs. J. A. Fay and 
Co., of Cincinnati, U.S.A., at the Paris Exhibition, 
1878, claims to have got over this difficulty. It was 
patented by a Mr. Stengel early in 1878 ; it is simple 
in its construction, and will cut a dove-tail in any kind 
of wood up to IJ inch by 14 inches wide, cutting both 
side and front at the same time. The cutter-spindle 
frames are stationary; the spindles revolve at high 
speeds, and can be adjusted laterally, to suit the depth 
of cut. The cutters are simple, are turned in a lathe, 
and always sharpened from the centre. Provision is 
also made for adjusting them, to compensate for any 
inequality of wear. A countershaft, fitted with cone 
pulleys fixed underneath the machine, drives the cutter 
spirldles. The wood is fixed on a vertical and hori- 
zontal plate, and held fast by camb rollers. The * pin ' 
is cut on the horizontal table, and the ^ dove-tail ' on the 
vertical table. A hand lever moved up and down per- 
forms the operation, a slide moving forward at each 
alternate motion of the lever. The guides are so con- 
structed that after being started it cannot be moved 
backwards at all, nor forward more than the distance 
arranged. If this machine proves itself capable of 
standing constant and heavy work, it is a tool that is 
much needed by cabinetmakers and others who require a 
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to 

machine that is moderate in first cost and easily ad- 
justable to cut dove-tails of varying sizes and pitches. 
In 1873 Mr. Thomas' Hall, of Northampton, U.S.A., 
patented an improved dove-tail joint, with machinery 
for making the same. In 1867 a Mr. Ganz patented 
an improved method of dove-tailing. The invention 
consists in operating simultaneously upon the two 
boards to be dove-tailed together, and in producing 
the * pin * and * dove-tail ' by the same action of one set 
of cutters. In this machine two discs, fitted with plain 
cutters, are mounted on separate spindles, but are 
geared together by bevel wheels, so as to revolve in 
two planes of the same angle as the dove-tails intended 
to be cut. The wood is placed on a travelling slide, 
working on a horizontal bed. 
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CHAPrEE XXL 

YENEEB-GUTTINa MACHINES. 

As the supply of valuable timber becomes more and 
more exhausted so will the practice of covering the face 
of common wood with an ornamental veneer of other 
woods increase. The machines for cutting veneers may 
be divided into two classes — sawing and slicing. Sawing 
veneers has the advantage of preserving intact the 
grain and colour of the wood, but it has the disad- 
vantage of cutting a considerable amount of timber to 
waste. The slicing process, however, is perhaps more 
generally in use. The wood to be cut is first steamed 
and then cramped in a frame, and operated on by a 
knife with a horizontal reciprocating motion, running 
obliquely across the wood.^ Before the introduction of 
a machine for the purpose, veneers were cut by hand, 
the wood beipg secured in a screw press a^rranged for 
that purpose. 

Bentham, in his patent of 1793, claim3 the cutting 
of thin veneers or scales by means of knives from blocks 
of wood previously steamed, and fully describes the 
process in his specification. In the commencement of 
this century Brunei took out a patent (1805) for a 

* The steaming process, however, damages considerably the colour 
of some woods, and allows the glue to penetrate. 
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circular saw for cutting veneers, and since that date 
considerable attention has been given by engineers to 
the subject. 

For cutting veneers Brunei employed a large cir- 
cular saw, built up in segments and screwed on to a 
turned disc or flange ; the holes through which the 
screws passed were made oblong, to admit of adjustment. 
When the segments were fastened to the disc, a layer 
of leather or paper was placed on the top of them, over 
which another disc was fitted, and the whole screwed 
up tight with bolts and nuts. These saws are so ar- 
ranged that the bottom of their periphery is below the 
lower edge of the timber to be cut, which is fed forward 
by a rack movement. 

Veneers seem to have been sliced by machinery in 
Eussia some fifty years or more back, as Mr. Peter 
Barlow, in his treatise on * Manufactures and Machinery 
in Great Britain,* 1836, mentions a process for cutting 
veneers with a knife as follows : — 

The operation is begun by placing the timber from 
which the leaf is to be cut upon a square axle, when it 
is revolved and made circular by a turner's gouge. The 
blade of a plane of highly tempered steel, and rather 
longer than the cylinder, is fixed at the extremity of a 
frame of 6 or 7 feet in length, in such a manner as to 
exert a constant pressure upon the cylinder, and pare 
off a sheet of an equal thickness, which folds upon 
another cylinder like a roll of linen. The frame to 
which the blade is attached is movable at its lower ex- 
tremity, and as it is charged it depresses in proportion 
as the mass diminishes in substance. That this de->> 
pression may be progressive and perfectly regular, the 
inventor has appended a regulator to the machine, con- 

o 
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sisting of a flat brass plate, preserved in an inclined 
direction, upon which the frame descends as the regu- 
lator itself is advanced. The motion is communicated 
to the cylinder by several cog wheels, which are turned 
by a crank. 

In the year 1831 Mr. Alexander Craig, of St. Ber- 
nards, Midlothian, took out a patent for ^ certain im- 
provements in machinery for cutting timber into veneers 
or other useful forms.* In one of these improvements 
Mr. Craig employed a circular saw, the operation of 
which is described bv Hebert as follows : — The saw is 
made to traverse the whole length of the veneer to be 
cut, while it revolves on its axis in the usual way. It 
is made to traverse by means of a crank having a radius 
equal to half the length of the intended veneer, and a 
connecting rod of length sufficient to prevent too much 
obliquity of motion by carrying the band round a pul- 
ley stationed at a small distance, beyond the greatest 
distance of the saw from its driving drum. Though we 
have mentioned but one saw, there are a series of them 
attached to the saw frame, and put in motion by the 
same band, which is pressed down by an adjusting pul- 
ley between each pair of saws, that it may turn them 
with more certainty, by embracing a larger portion of 
the circumference of the riggers fixed on their axes. 
The log of wood from which the veneer is to be cut is 
suspended between centres similar to those of a turning 
lathe, so that it may be cut into one continuous veneer. 
It is evident that to produce an uniform motion in that 
part of the log in contact with the saws is necessary to 
its perfect action ; and this the patentee has effected in 
a very ingenious manner. He puts into slow motion, 
by a species of gearing known by the name of the end- 
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less screw, a shaft having on its extremity a metallic 
cylinder, with a surface roughed in a manner similar to 
the surface of a rasp ; and this cylinder, being pressed 
against the circumference of the log, will cause it to 
revolve at the same speed, whatever be its diameter. 
The specification is concluded by a description of an 
arrangement by which the saws are made to cut beyond 
their centres in a stationary log. 

This is effected by attaching them on axes which do 
not project beyond the surfaces next the log. To the 
frame carrying these saws a descending as well as an 
alternating motion is given ; and the veneer being, by 
a guide plate, made to fold back under the saws, it is 
clear that they will with facility cut to any required 
depth, without reference to their diameters. 

About the year 1847 very considerable improve- 
ments in the method of cutting and laying veneers were 
introduced in America by Belter, a German cabinet- 
maker, whereby the variety and beauty of the work was 
much enhanced. Some years later a patent was ob- 
tained in this country by a Mr. Meadows for an im- 
proved method of bending veneers around sharp angles, 
such as those in mouldings. 

Some few years since Mr. L. E. Hawes, of the United 
States, patented several improvements in machinery for 
veneer-cutting. The knife which cuts the veneer, con- 
trary to the general practice, is made stationary, and 
the wood cramped in a sliding frame, which is arranged 
with a vertical reciprocating motion, oscillating slightly 
longitudinally at the same time, which is found to give 
a cleanness to the cut. A veneer is cut at each down- 
ward stroke of the knife, which is then drawn clear of 
the wood during its upward stroke, when it resumes its 

o 2 
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original position for another cnt. All these motions 
are self-acting, and it is calculated to cut from 40 to 
60 square feet per minute in almost any kind of wood 
usually employed for veneering. Some users prefer 
veneers cut round the annular-growth rings of the tim- 
ber instead of across. In this case the wood is steamed 
in the usual way, and made to revolve between centres ; 
an extremely sharp knife is brought to bear on its face, 
thus obtaining wide and uniform veneers from small 
timber. In practice, however, it is found that some 
kinds of wood will not readily submit to this process 
without splitting, but with those that can be thus 
worked it possesses some advantages, as the figure of 
the wood is more entirely retained. 

Veneers, too, are sometimes cut by a horizontal saw 
with a reciprocating motion. A single straight saw 
of very thin gauge and finely-set teeth is employed ; it 
is tightly strung in a light swing frame, and sharpened 
to cut in both directions of the traverse. The wood is 
fixed in a slide which feeds vertically to the saw, and 
has a lateral movement to suit different thicknesses of 
cut. 

In France veneers are very generally steamed and 
sliced by a sliding block and knife. 

Operating as they do on very valuable woods, espe- 
cial care should be taken in the dedgn and exact con- 
struction of veneer-cutting machines, or considerable 
loss will be the result from inferior production. If a 
circular saw is employed, the disc should be balanced 
to a nicety, or the saw will not cut true, and the veneers 
will be of uneven thickness; the bearings too will 
rapidly deteriorate. 

In slicing machines a back iron should always be 
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fitted to the knife, which in large blocks should ope- 
rate obliquely to the grain of the wood, and be so 
arranged that the whole length of the knife does not 
strike the wood at the same moment, as the shock thus 
occasioned is often considerable and the veneers cut 
are more liable to split. 
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CHAPTER XXn. 

WHEEL AND CABBIAGE MAKING MACHINEBY. 

In the manufacture of wheels and carriages on a large 
scale several special machines are necessary, in addition 
to modifications of some of those we have already 
noticed. Amongst these may be mentioned the spoke 
turning or dressing machine, spoke-driving machine, 
felloe-shaping machine, spoke-tanging and felloe-boiing 
machine, wheel-facing machine, &c. ; our space, how- 
ever, will only permit us to give a brief resume of some 
of the principal machines. 

The principle of most of the machines now in use 
for turning or dressing irregular shapes, such as spokes, 
hammer handles, lasts, gun stocks, is contained in 
Boyd's patent, dated 1822. He claims in this patent 
the use of a model or dummy in conjunction with a 
blank of wood or other material, the outline of the 
model guiding the cutting tool to produce a duplicate 
from the blank. A shoe last is shown in the patent 
specification as illustrating the principle claimed. 
From this machine, or, more correctly speaking, from 
this principle, numerous machines for analogous pur- 
poses have since that date been from time to time 
brought out. 

Some five-and-twenty years ago. a machine for 
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dressing spokes, &c., with the grain of the wood was 
patented by a Mr. Hughes ; the spoke was fixed on a 
table, which was traversed beneath the cutter by means 
of a rack and pinion. The cutter-block spindle was 
made hollow, and arranged so as to allow the cutters 
to traverse to or from one another as they were acted 
on by a model spoke, and the frame carrying the 
cutter block was pivoted on one side, which allowed it 
to rise or fall as desired. 

In the year 1845 a machine for carvi^g and copy- 
ing irregular forms was introduced by Mr. Jordan, of 
London. In his machine the wood to be shaped and the 
model or Mummy' are fixed on a horizontal table, 
running on wheels transversely on another table or 
frame, which was arranged to move in a longitudinal 
direction, so that by the straight-line movement in two 
directions the table could be made to have a motion in 
every part of its own plane. The model and wood to 
be shaped were made to swivel on centres, and so ar- 
ranged that by means of a lever they could be turned 
simultaneously on their axes. The cutters were carried 
on a vertical slide, and made some 5,000 revolutions per 
minute ; this vertical slide was raised or lowered to the 
work, which was fixed on the travelling table beneath 
by means of a treadle. A tracer guide acting on the 
model produced by the aid of the cutters facsimiles in 
the piece or pieces of wood. 

Some of the greatest improvements in automatic 
lathes for turning irregular shapes were made and 
patented by Mr. Blanchard, an American, many years 
back, whose machine was undoubtedly one of the most 
remarkable inventions of the day; these have again 
been modified and re-patented by Gleason and others. 
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An improved form of Blanchard lathe, manufactured 
by Messrs. J. A. Fay and Co., of Cincinnati, U.S. A., 
and especially adapted for turning spokes, is deserving 
of notice, as it contains several featiures of interest. 

The cutter block is fixed to a travelling bed, which 
is worked by a worm feed; the feed is adjustable for 
tapering work, and can be stopped at any desired point 
by a buffer which is attached to the frame. The cutter 
block is fitted with eight knives, which are arranged 
to give gradually ^finishing' cuts, thus leaving the spoke 
comparatively smooth when it is taken from the ma- 
chine, consequently requiring little extra finishing on 
the buffing machine or sand belt, which is used to 
remove the marks of the cutters from the wood and 
give it a perfectly smooth surface to receive the var- 
nish or paint. The vibrating frame is fitted with cut 
toothed gearing for rotating the model and wood to be 
shaped, and the vibrating rests are faced with steel 
and kept in position by a steel spring. The movable 
centre is worked by an eccentric and lever, and kept in 
any desired position by a ratchet. The cutter-block 
belt travels over a long iron drum placed below the 
machine, and, although shaping only one spoke at a 
time, this lathe is speeded to turn out as many as 900 
spokes per day, which, if the finish is satis&ctory at 
that speed, must be pronounced a very large number. 
The cutters are arranged to work across the grain of 
the wood. 

In the improved Blanchard lathe for turning spokes 
patented by J. Gleason, of Philadelphia, U.S. A., some 
thirteen years since, the points of novelty claimed are 
the use of centres operated by an eccentric lever 
instead of a mallet, and the introduction of a lever for 



WHEEL AND CARRIAGE MAKING MACHINERY, 201 

releasing the spring which keeps the vibrating frame 
in contact with the model or * dummy/ 

In the year 1863 Mr. H. Wilson, of London, de- 
signed and patented a multiple copying machine. The 
principle of using a model in conjunction with blanks 
was still adhered to, but instead of one a number of 
duplicates were produced at the same time. In this 
machine a, model spoke and four pieces of wood are 
mounted in separate adjustable centres or poppet 
heads, which are fixed to a sliding table, arranged to 
travel by a screw feed beneath the cutters. The cuttera 
are fitted on separate blocks, but are mounted on the 
same spindle, which revolves in a counterbalanced 
swinging frame. The principle of working pursued in 
this machine differs from the ordinary * Blanchard ' or 
other lathes, as in this case the cutters revolve in a 
fixed position, whilst the wood itself is made to revolve 
and travel beneath them ; the reverse of this is usually 
the case, the cutters themselves being made to travel 
and the wood to revolve in a fixed position. The 
cutters used are perfectly flat, and are arranged to cut 
with the grain of the wood. Prom our experience we 
cannot recommend the plan of cutting with the grain 
of the wood, as, unless the grain is very straight and 
considerable care is exercised, large splinters are apt to 
be torn away, especially at the finishing of a spoke. 
With machines arranged to work across the grain this 
is not the case, but these spokes, however, take more 
finishing after they have lefb the lathe. 

A very simple and efficient hand-power machine for 
centreing and boring wheel stocks or hubs was pa- 
tented in the year 1868 by Messrs, Silver and Denning, 
of Ohio, U.S. A. It was arranged to adjust and hold 



202 WOOD-WORKING MACHINERY. 

the hub in position whilst being bored ; this was secured 
by a kind of chuck frame, consisting of three equi- 
distant radical arms furnished with doye-tail slots, in 
which worked adjustable jaws with corrugated faces 
for gripping the hub. These jaws were set in or out 
simultaneously by means of ,bevel gear. The boring 
spindle or mandrel was fitted with a feed nut, made in 
halves and of somewhat peculiar construction; the 
upper part of boring spindle, which worked in the nut, 
was cut with a feed screw of about two threads to an 
inch. An adjustable gauge for regulating the depth of 
the hole to be bored was fitted to the boring spindle. 
When a hub is to be bored it is secured by the jaws, 
the gauge is set at the right height on the boring 
spindle above the feed nut, the boring spindle is 
turned by a handle similar to that used with an ordi- 
nary auger, the boring tool being fed by the before- 
mentioned feed-nut till the gauge comes in contact 
with the cap of the nut. A set screw is then loosened, 
which allows the feed nut to turn with the boring 
spindle, forming with a suitable cutter a square shoulder 
at the bottom of the hole. 

Very few important improvements, that we are 
aware of, have of late years been introduced into ma- 
chines for turning spokes. At the International Ex- 
hibition at Paris, 1878, several multiple copying lathes 
were exhibited in the French section. In the machine 
shown by Messrs. Gerard, of Paris, the cutters were 
fastened directly on to the cutter spindle, without any 
block or other provision being made. A very neat and 
simple arrangement was also provided for centreing 
the spokes or other work. A multiple copying lathe, 
especially adapted for shaping wooden shoes, or sabots^ 
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as well as spokes, was also exhibited by M. F. Arbey, 
of Paris. This we illustrate (fig. 35). Its action will 
be easily understood from the engraving. This machine 
is arranged to shape six articles at one time, the model 
which is required to be copied being mounted in centres 
having rotary and horizontal movements, and three 
blanks of wood being mounted in like manner on either 
side of it. The cutters operating on the wood are 
mounted in a swinging frame immediately over the 
blanks, and when set in motion are guided in their 
action by means of a tracer or feeler travelling over 
the model, the swinging frame thus rising or falling as 
required, and the cutters produce in the blanks the 
exact shape of the model. The cutters operate with 
the grain of the wood, and the spokes or sahots are 
traversed horizontally beneath the cutters by means of 
a slow screw feed. 

After the spokes are shaped from the rough timber 
they are passed on to a tenoning machine, which is 
fitted in addition with a circular saw and gauge, which 
reduces them to one uniform length. They are after- 
wards passed on to a spoke-buffing or glass-papering 
machine. This machine consists of two endless belts, 
covered with ground glass of different degrees of fine- 
ness, running over two adjustable pulleys. The spoke is 
pressed on these belts by hand, the coarser grit re- 
moving the marks left by the cutters of the shaping 
machine, and the finer grit giving it a smooth surface. 

Where large numbers of spokes are * buffed 'a great 
amount of dust is created, which floats about the 
workshop, to the detriment of the health of the work- 
men and the machinery employed. To obviate this a 
simple pneumatic apparatus for conducting away the 
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dust can easily be secured by arranging a small fan 
blower — say, with an impeller of about 16 in. diameter, 
and running about 2,000 revolutions per minute — 
fitted with induction and delivery pipes. By these 
means the dust can be conveyed to the stoke hole or 
other part of the building. This system has also been 
introduced into saw mills for the removal of the 
shavings, sawdust, and chips made by trying-up, saw- 
ing, and the other heavier class of wood-working ma- 
chines. 

Amongst the other wheel-making machines may be 
mentioned a machine for driving the spokes into the 
wheel stocks, patented in America by a Mr. Hosier 
some eight years since. In this machine the blows 
are given to the spokes by a swinging mallet, worked 
by a cam motion, as if used by hand they are governed 
by the pressure of the foot on a treadle. The blows 
can be graduated from heavy to light, or from fast to 
slow ; an adjustable guide is also fitted, which sets the 
spoke perfectly true before being driven. Another 
tool recently introduced in America is Corr's patent 
automatic wheel machine, which is arranged to drive, 
cut off, and tenon the spokes in the wheel, without 
removal after being once adjusted. For driving the 
spokes the wheel stock is fixed on a stud in the centre 
of a vertical frame. This stud has a movable outside 
bearing, worked by a lever. The spokes are driven by 
a mallet, operated by a spring and eccentric which 
forces the mallet down after it is raised by a cam. 
Attached to the main frame of the machine is an appa- 
ratus with lateral and transverse movements, for saw- 
ing and tenoning the spokes. This can be adjusted in 
its position to suit wheels of different sizes, and is so 
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arranged that as one spoke is being driven another 
is being cut to gange by a circular saw and tenoned. 
A hollow auger fitted with cutting lips forms the tenon 
on the end of the spoke. This auger is combined with 
the saw, and by depressing a foot lever they are both 
brought forward to the work, the saw operating first 
and the spoke being held between horizontal guides in 
line with the tenon tool ; this is automatically moved by 
a screw, and the tenon is completed to any desired depth. 
The inventor claims that one man with this machine 
can drive, saw off, and tenon thirty wheels and upwards 
per hour. 

Some manufacturers prefer the oval form of tenon 
on the ends of the spokes where they enter the felloe, as 
the risk of splitting in driving is lessened, and it is not 
found necessary to wedge this form of spoke to keep it 
in position. The felloes of the wheels are usually cut 
from the rough timber by a band sawing machine fitted 
with a radial arm. tn America an arrangement of 
circular saws is often employed. Two concave saws 
are mounted on a spindle, one end of which revolves in 
a pivoted bearing, capable of adjustment and movement 
in a vertical plane on the axis of its bearing. The 
wood is fixed on a vibrating carriage, and is adjustable 
to or from the saws. A separate set of saws must be 
used for each sized felloe, as the curvature required on 
the saws is necessarily different. 

The felloes are planed on an ordinary vertical 
double-spindle shaping machine; they are fixed in a 
radiating cramp, and the wood is first of all brought in 
contact with one set of cutters, which planes one-half of 
the inside and chamfers the edges ; it is then passed to 
the other cutter block, which completes the operation. 
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By using two cutter blocks revolving in opposite direc- 
tions the wood need never be cut against the grain ; 
consequently the work turned out is of better finish. 
A cutter block revolving horizontally, for planing the 
edges of the felloe, and, where a large amount of work 
is turned out, a self-acting feed can be added to this 
machine with advantage. 

A very useful machine in connection with wheel 
manufacture is Morris's patent wood-bending machine, 
introduced some few years since. The principle on which 
it is constructed is the bending by levers from the 
centre outwards. After the wheel is put together it is 
usually finished in a surfacing lathe, or in a planing 
and finishing machine especially adapted for the pur- 
pose. An outside-cutter moulding and planing machine 
can readily be modified to perform this work, the wheel 
being mounted on a separate vertical screw chuck fitted 
to a stand, with vertical, transverse, and angling move- 
ments. In the construction of a wheel no less than 
twenty different machines can be employed with more 
or less advantage. 
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CHAPTEE XXIII. 

CASE-MAKING MACHINEEY. 

Machineby for the manufacture of casks has of late 
occupied considerably the attention of engineers, and 
a number of labour-saving machines for the especial 
class of work required in a cooperage have been intro- 
duced, with very satisfactory results, and so complete 
are some of the plants erected that very little manual 
labour except putting together is niecessary. Some of 
the earliest machinery erected in this country for the 
conversion of wood was devoted to the manufacture 
of casks and powder barrels. We believe the first 
patent taken out in connection with machinery for the 
manufacture of casks was that of Flasket and Brown, 
in 1811; but Mr. George Smart, of Westminster Bridge 
Boad, is stated to have had a set of cooperage machinery 
in use some years previous to this date, but what its con- 
struction was there is no record, as far as we are aware, 
to show. Being one of the earliest efforts in this 
country in connection with the conversion of wood by 
mechanical means, we think it of sufficient general 
interest to append a short description of Flasket and 
Brown's machinery as described in Dr. Gregory's 
* Mechanics.' 

* First, the machinery for cutting the stave consists 
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of a stout bench, having a board or platform annexed 
to it capable of being moved endways, to which another 
board is connected, so arranged as to be moved across 
steadily by racks and pinions or screws. The last 
board has a hollow part made in it, in which the stave 
board may be laid so that one edge of it may project 
clear beyond the edge of the first-mentioned board. A 
circular saw is placed either above or below the 
bench, having its axis at right angles to the line of 
motion of the first-mentioned board and opposed to 
the direction of the course of the projecting part of 
the stave board. This circular saw is made flat when 
the straight-edged staves are to be cut, and is dished, 
or of a spherical shape, when staves with curved edges 
are wanted. The board first mentioned is moved 
either in a right line or is made to assume a curved 
course by being confined in its motion by curved grooves 
or by curved rods moving against pins; and by the 
proper management of these sliding boards the 
stave board is cut by the circular saw of the shape 
desired. The machinery next used consists of a large 
lathe, in which the cask is turned in a vertical position 
when it is of a large size (after it is formed in the 
usual manner from the staves prepared as above de- 
scribed), being either fixed in a great chuck placed 
beneath it or in a cylindrical cage which surrounds it, 
fixed upon a strong upright arbor and revolving be- 
tween collars, where it serves the o£Sce of a mandrel. 
In this lathe the chime and groove for receiving the 
head are turned in the cask by the application of a 
proper tool. When the cask is small, the cage is made 
to turn in a horizontal position instead of revolving 
vertically. The third operation is to form the head, 
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which is pinioned together as nsual, after having the 
pin holes made by piercers projecting from the man- 
drel of a lathe, the distances and depths of which 
holes are correctly regulated by gauges; it is then 
turned on a flat revolving table, from which points 
project to hold it fast, and against which it is held by 
another revolving piece that is screwed towards the 
first, where it is brought to the proper size of the cask 
by fit tools. The fourth operation is to turn the whole 
cask at the outside, for which purpose it is placed in a 
large lathe between two chucks, made to fit into the 
chimes, and attached to the head by points ; and then 
the surface of the cask is turned smooth by a spoke- 
shave, or other fit instrument, held against it by a 
rest properly placed for the purpose. The patentees 
bend their wooden hoops for their casks in an expedi- 
tious manner by fastening one end of them to the 
circumference of a wheel, and pressing them against 
the wheel as it is turned round ; they also describe a 
method of forming the projecting part in the bung 
staves of the small casks called bottles by means of 
flat or concave circular saws, which cut the face of the 
stave on each side close up to the projection; and, 
lastly, in giving motion to this machinery the inventors 
use any of the usual first movers and mill work, as may 
be necessary.' 

Sir John Bobinson, too, was one of the earliest in- 
ventors in connection with cask-making machinery. He 
proposed the plan of bending the stave against a curved 
bed, and jointing same by means of two circular saws. 

In the year 1825 Mr. Samuel Brown patented a 
series of machines. The staves were edged by means of 
an ordinary circular saw, the wood being fixed and 

p 
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pushed through the saw in a slide having a curved 
motion and resting against a fence or guide consisting 
of a flexible bar which could set to any curve desired 
in the stave. He also used a system of expanding 
cutters for chiming, &c. ; thej were fixed on a vertical 
spindle and traversed round the inside of the cask. 

Some of the most important improvements in cask- 
making machinery are those of Gibbs and Gatley, 
engineers, London, whose patent specification, dated 
-1835, possesses several features of interest to engineers, 
as more than one of the ideas therein contained has 
been the subject of recent patent rights. They claim 
briefly certain arrangements of machinery for cutting 
two staves from one piece of wood, the part which is 
flattened out between the two staves forming a portion 
of the head of a cask ; the arrangement of machinery 
for cutting the edges of staves to their proper curves, 
and for cutting the grooves at the ends of a cask to 
receive the head, and also the bevels at the ends of the 
cask. They also claim the construction of an ordinary 
vertical saw frame in such manner that one set of saws 
with their frame shall at all times balance another set 
of saws and their frame, and also the application of a 
saw of the form of a segment of a circle for cutting 
veneers. The plan pursued in cutting the cask staves 
is decidedly ingenious. Two straight or mill saws, some- 
what narrower than those used for ordinary sawing, 
are mounted in an ordinary sawing frame having a 
vertical reciprocating movement. The saws, however, 
are not fixed to the cross-heads in the usual manner, 
i)ut mounted in two small separate frames. Each of 
these frames consists of two vertical guide-rods, attached 
at their upper and lower ends by means of bolts and 
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nuts to wrought-iron plates. In each of the cross-heads 
is formed a vertical mortise, through which the pins 
which carry the saw pass. These pins are. fixed at one 
of their ends to the plates, and at the other to the sawfj. 
Therefore, if either of these pins be moved in the 
mortises, the saw will move with it ; consequently the 
two saws can be made to diverge from each other till 
one-half of the staves are cut, and approach towards 
each other till the other half are cut. This movement 
is effected by means of two guiding pieces and four 
guiding sockets, acting in conjunction with springs; 
these are so an*anged that when the machine is set in 
motion the guiding sockets will roll along the surface 
of the guiding pieces and follow their curvature, being 
forced apart by the springs till one-half of the staves 
are cut ; they will then gradually approach each other 
till they assume the position from which they started. 
By changing the guide pieces staves of any desired 
curve may be obtained. 

Following Gibbs and Gatley's patent various im- 
provements were introduced into cask-making ma- 
chinery by Eosenberg, Green, Robertson, and others. 

Green introduced a tolerably complete machine for 
* backing ' and * hollowing ' the staves. In his machine 
the stave was arranged to travel on a narrow roller by 
means of a fluted feed-roller, fitted immediately over 
it and pressing the stave upon it. The narrow roller 
supporting the stave revolved freely on its own axis, 
and was arranged between two revolving cutters, which 
gave the desired shape to the stave. 

In the year 1852 some important improvements in 
cask-making machinery were patented by Robertson, 
of Glasgow. In making casks and other wooden 

F 2 
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vessels according to this inventioD, the rough staves 
were first steamed in the usual way, to cause pliability, 
and then, in order that the irregularities or bends in 
the wood might be nullified, the stave was screwed 
up by its flat side against a fixed bearing surface or 
against rollers, so that, when passed into the sawing 
machine, the wood might be accurately cut. A self- 
acting arrangement was employed in connection with 
these retaining or fiattening screws, for the purpose of 
slackening off these holding details as each approached 
the cutting edge. At the same time a series of cutters 
was arranged to work on the exposed side of the stave, 
for the purpose of dressing that surface to the form re- 
quired. As the stave moved forward it was first sawn 
on the edge by a circular saw, to take off the *over 
wood ' to the required curve ; it then came against a 
set of rotatory cutters, which finished the surface. At 
the same time a set of cutters worked over the top of the 
stave on its fiat surface* Then, when this fiat side and 
one edge had been so shaped, the stave was reversed 
and the other edge and side similarly treated. Several 
staves can be done at a time. When the staves are 
piled together, or when the * cask is raised,' the upper 
ends of a stave being surrounded by a hoop, the mass 
of staves is put into a press, to compress the bilge of 
the cask and bring together the bottom or opposite 
loose ends of the staves. 

Robertson's machine for bending or * trussing ' the 
staves is also worthy of notice. The staves were first 
steamed at a temperature of about 220° Fahr. The 
trussing machine consisted of two iron cones ; the in- 
side periphery of each was made to fit the outside 
curve of the cask when finished. The upper cone was 
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widened at its lower extremity, so as to surround the 
staves, which were fixed up into it by hydraulic pressure. 
Truss hoops were let into recesses flush with the inner 
periphery of the cones, which were arranged to open by 
hinges. 

Messrs. E. and B. Holmes of BufiPalo, U.S.A., also 
designed a very complete set of barrel-making ma- 
chinery, some of which possessed considerable origin- 
ality. The staves were jointed and cut to the required 
curve by means of a revolving concave wheel fitted 
with a radial cutter. 

The groove for the head and the bevel at the ends of 
the cask are produced at one operation — viz, by the 
slow revolution of the cask on an axis simultaneously 
with the rapid revolution of cutters, which are held 
in contact with the inside of the cask and guided by a 
blank roller. The whole of the mechanical arrange- 
ments contained in the specification must be held to 
reflect the highest credit on the inventors, more espe- 
cially when it is borne in mind that at that date wood- 
working machinery had scarcely any existence. 

Owing to the development of the commerce in 
petroleum a considerable impetus has been given to the 
manufacture of barrels in the United States, and many 
factories where they are manufactured in immense 
numbers are now in existence. This greatly increased 
demand naturally turned the attention of American 
engineers to the further improvement and develop- 
ment of cooperage machinery, and a number of labour- 
saving tools of more or less novelty has been the 
result. 

In the year 1865 J. S. Thompson, of Glen's Falls, 
New York, took out patents for a series of machines, 
some of which possessed considerable ingenuity. 
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One of these was arranged to saw the staves to an 
uniform length, croze their inner ends for the recep- 
tion of the barrel head, and chamfer the end edges at 
one operation. In the centre of the machine a spindle 
was arranged with a circular saw, chamfering cutters, 
and V-shaped crozing cutters at either end. Two 
spindles, one on each side of the saw spindle, carried 
wheels, over which worked chains. Vertical lugs were 
attached to the chains at equal distances, and the 
staves were fed horizontally to the saws and cutters, 
being held firmly in position by adjustable plates bear- 
ing on the back and front of the stave. One set of 
these plates rested on springs, which were arranged to 
yield to varying thickness of staves. 

Another of these machines was designed for stave- 
jointing ; its arrangement was briefly as follows : — 
The top of the frame of the machine was made con- 
cave, corresponding with the bilge of a cask. On this 
frame a carriage was arranged to travel longitudinally. 
Fitted to this carriage by pivots at each end was a 
frame which held the staves, which were placed on 
edge by means of a cam lever operating on a spring. 
In the centre of the machine was a horizontal cutter- 
head, driven by a vertical spindle, which jointed the 
staves, the necessary bilge being given by the con- 
cavity of the slides, and the bevel by the position of 
the carriage which held them. A strap attached to 
this carriage winds on a roller, and draws the carriage 
with its load of staves over the cutter head ; when the 
jointing is performed the carriage is run back by a 
weight, which is thrown into action by the release of 
the winding roller, which is connected with its spindle 
by a clutch. 
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The third machine of this series is one which is 
arranged to saw and chamfer the head at the same 
time. The tools consist of a concave or dish saw and 
a cutter block, both fitted on the same horizontal spin- 
dle. The boards intended to form the barrel head are 
placed on a circular plate, which is geared underneath ; 
directly over this plate is a circular cramp, worked by 
a screw and hand wheel, and arranged to rotate with 
the circular plate. The circular plate, gear, and sup- 
porting bracket are pivoted to the main frame of the 
machine and are arranged to cant to any angle. When 
the necessary boards are secured on the circular cramp- 
plate, the whole is canted towards the saw and cutter, 
the concave saw chamfering one edge and the cutter 
block the other, the circular plate being at the same 
time rotated either by power or a pinion and handle, 
thus causing the whole of the periphery of the barrel 
head to be operated on by the saws and cutters. A set 
of cask-making machines was exhibited in the Paris 
Exhibition, 1867, by Cool, Ferguson, and Co., Mass., 
U.S.A. 

Following these inventions, nothing noteworthy was 
produced for this especial class of work for some years. 
When the band saw was reintroduced by M. P^rin, of 
Paris, in 1855, it was more or less adopted for cutting 
out the staves and bottoms of casks. Another French 
engineer, M. Arbey, of Paris, modified several existing 
jnachines, including a planing machine for rounding 
the staves and planing up the bottoms, a vertical 
moulding machine for chamfering the bottoms, and a 
tonguing and grooving machine for jointing them. He 
0;lso invented a machine acting with spiral knives for 
chamfering and recessing the ends of the cask after it 
has been put together. 
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During the last ten years, owing chiefly to the 
rapid increase in operatives' wages, a number of patents 
for improyements in this class of labour-saying ma- 
chinery have been taken out by Bobinson and Smith, 
Woodley and Anderson, Slater, Thomeley and Bux- 
ton, Lyle, Hewit and Hays, Gerard and Thulier, 
Gedge, Ransome, and others. 

• Mr. Abram Lyle, in his patent, dated 1871, claims 
improvements in a machine for dressing staves. In 
his machine the stave is gripped between and fed 
along by short massive rollers, arranged with their 
axes vertical, whilst in the centre of the row of feed 
rollers is a revolving spindle, having fixed on it the 
cutters for dressing the stave. The cutter spindle is 
carried in a bracket arranged to slide in guides below a 
table, and is adjustable. The feed rollers on the same 
side as the cutter spindle are fluted, and are driven by 
means of worm wheels fixed on their spindles below 
the table, gearing in with worms fitted on a horizontal 
shaft, which is driven from the first-motion shaft. The 
feed rollers on the other side of the stave are held in 
forked blocks set in boxes containing strong springs, 
which are adjustable by means of screws. The rollers 
on both sides are made sufficiently strong, and the 
pressure applied is sufficiently great, to straighten any 
twist in the stave passing through. 

Messrs. Robinson and Smith, of Rochdale, patented 
in 1873 a method of making bungs or shives for casks 
by means of a cylindrical saw and rotary cutter ; and 
Messrs. Hewit and Hays in 1875 patented a machine 
for cutting staves by means of two circular saws placed 
side by side, and arranged with such a motion that 
when a stave is passed between them the two sides are 
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cut off at the same time and the proper bulge given to 
the stave. 

Improvements in cask-making machinery of some 
importance have been introduced by Messrs. Thomeley 
and Buxton, of Burton-on-Trent. They patented in 
1875 an improvement in machinery for jointing staves. 
This consists in centreing wooden staves both in the 
direction of their width and length by means of an 
apparatus fixed on or to machinery used for jointing or 
edging such, staves. The former is attained by means of 
a rotating cam, which opens the dressing knives or 
cutters so as to receive the widest stave between them, 
and closing the said cutters on the edges of such stave, 
of whatever width, by means of a weighted lever; and 
the latter is accomplished by lengthening out or 
shortening the centreing gear, so as to bring the centre 
of the stave to the centre of the said cutters. Thorne- 
ley and Buxton patented also in 1878 machinery by 
which wooden staves for casks are * hollowed * and 
* backed ' at one and the same time. The cutters, 
guides, and bed on which the staves are dressed are so 
arranged that bent, twisted, or otherwise misshapen 
staves are easily worked. The cutters in this machine 
are raised or lowered by means of a cam or eccentric 
for hollowing staves to a gradually varying thickness 
from their centre towards each end. 

In the year 1874 a series of improvements in cask- 
making machinery of some novelty was patented by 
John Woodley and John Anderson. The first part of 
the specification relates to apparatus for cutting the 
edges of staves to the desired shape, or the process 
commonly called jointing. For this purpose each stave 
is successively placed on the table on or in a groove of 
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which an endless chain traverses, with projections, one 
of which, by acting on one end of a stave, drives it for- 
ward between a pair of radial arms or shafts at angles 
one to the other, carrying cutters to produce the desired 
angle to the edges. The relative position of the shafts 
is variable by right and left hand screw motions, by 
which these angles may be varied. These shafts are 
supported in a frame capable of movement transversely 
to that of the stave, to adapt the cutting to variations 
in width of the stave. These motions are effected by 
cams or tappets, and rotations to the cutter shafts by 
straps or bands. A saddle piece held by the attendant 
and a stationary roller aid in guiding the stave to the 
cutters, whilst weighted lever-arms with rollers hold the 
stave during the cutting. The invention also relates to 
apparatus for hollowing the inside surface of the stave. 
For this purpose each stave is, as in the last apparatus, 
placed on the table, so as to be acted upon by one of a 
series of projections from an endless train chain, by 
which it is moved into position to be cut by rotary 
cutters, driven by a band or strap, and is guided whilst 
moving forward by a template or roller or rollers. 
Weighted guides and a weighted pressure roller guide 
and aid in holding each stave in position during its 
traverse. 

The cutting of the outer surface or * backing ' of 
the staves is effected by each stave being moved forward 
by a similar endless chain on a table, so that the outer 
surface of such stave may be acted upon by other 
rotary cutters, the motion of the staves being aided 
by weighted pressure rollers and guides. The invention 
also relates to means for effecting the desired bevelling 
of the edges of the heads of the cask. Pieces of wood 
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jointed together to form a head are placed between, and 
so as to be held by, pins between two plates capable of 
sliding sideways on other face plates. The axis of one 
of these face plates is hollowed to receive through it 
the axis or spmdle of its sliding plate. Botary motion 
is given to this hollow shaft to cause the rotation of 
the several plates and the ^ head ' held between them, 
but during this motion other motion is given to the 
axis of the sliding plate, carried by the plate affixed to 
that hollow shaft, so as to cause the head to revolve in 
an oval direction, so that its edge may be cut by the 
bevelling cutters to an oval form, capable of adjust- 
ment as to extent. The invention also relates to means 
for planing the edges of the separate breadths of wood 
to form the heads. For this purpose a table and end- 
less chain, such as before referred to, are employed to 
conduct the pieces between a pair of rotary cutters, and 
the distance apart of the axes of these cutters is regu- 
lated to the width of wood under operation by a pair 
of pins or projections carried by frames supported by 
right and left hand screws, such frames also carrying 
the axes of the cutters. 

In the International Exhibition of Paris, 1878, 
Messrs. A. Bansome and Co., of London, exhibited 
specimens of their lately designed machinery for the 
manufacture of powder barrels ; but, considering the 
warlike and beer-drinking proclivities of the age, ma- 
chinery for the rapid construction of casks was con- 
spicuous by its absence. During late years, however, 
it must be admitted that this class of labour-saving 
tools has made very great progress. 
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CHAPTER XXIV. 

SAW AND CUTTEE SHAEPENINa MACHINES. 

The sharpening of saws other than by hand labour is 
of modem origin. The fly press for punching and 
gulleting saws has been in use for many years ; but a 
machine for topping, bevelling, and gulleting without 
the aid of a file was first introduced into this country 
about the year 1865. This sharpening is performed by 
means of a revolving emery disc (or, more properly 
speaking, a disc containing a composition of emery, 
india-rubber, sand, Ac), travelling at the speed of 
some 6,000 feet per minute at its periphery. A ser- 
rated steel disc has also been tried, but with unsatis- 
factory results, except in the case of band-saw blades, 
when, in the Paris International Exhibition, 1878, 
Martinier's patent machine for this purpose was toler- 
ably successful, and attracted some attention. Messrs. 
Greenwood and Batley, of Leeds, first made Parnacott's 
patent saw-sharpener about the year 1865, and a few 
years later a Saunders's patent machine of French 
origin was introduced. 

A new form of vitrified wheel has lately been tried, 
with considerable success. In this wheel the material 
by which the grains of emery are united in a solid 
mass is somewhat softer than the emery, and allows 
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the worn-out particles of emery to break away and 

4new ones to present themselves. In the course of 

manufacture these wheels are burnt and baked, and 

can be made to present any degree of hardness required. 

In 1874 Mr. James Harrison, of Tattenhall, 
Cheshire, took out a patent for improvements in shar- 
pening and gulleting saws. He claims as novel the 
arranging of the vice which holds the saw to be 
sharpened in V slides in a similar manner to the slide 
rest of a lathe ; so that by means of a rack and pinion 
or screw adjustment the operator is enabled to traverse 
the saw and bring it into contact with the revolving 
emery wheel, which is mounted in a frame that remains 
stationary, instead of being arranged to traverse, as 
heretofore^ for the purpose of adjustment, whereby a 
much steadier cutting action is obtained. We pre- 
sume the novelty claimed in this patent is the applica- 
tion of a slide-rest vice to the special purpose of 
sharpening saws ; but it affords an apt illustration of 
the very slender grounds of novelty on which patents 
are often applied for and granted in this country. 

In the most improved machines now in use the 
emery wheel is mounted on a small steel spindle, run- 
ning in centres and fitted in a counterbalanced swing- 
ing carriage. This carriage can be brought down to 
the saw by hand, and by means of a quadrant can be 
set to an angle to give any desired lead fco the tooth. 
Where a boy is employed to work, an arrangement can 
be fitted to regulate the depth of the gullet and the 
pitch of the teeth. The saw to be sharpened is held in 
a vice having both a lateral and transverse motion. 
The countershaft is usually placed at the back of the 
main framing of the machine, which should be cast in 
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one piece. The band giving motion to the emery disc 
passes over an idle pulley, and then directly on to a 
small pulley on the emery disc spindle. In a well-con- 
structed and well- worked saw-sharpener the use of the 
fly press for guUeting should be entirely dispensed 
with. If, however, a saw should be broken, it can be 
used with advantage to cut it down and punch new 
teeth. The economical advantages accruing from the 
use of a saw- sharpener are considerable, it being 
capable of turning out at least as much work as six 
men sharpening by hand, and of better quality, and 
the lead of tooth and depth of gullet can be exactly 
proportioned. Its use also should efiFect a total saving 
in files, although some operators persist in * touching 
up ' the saw with files after it has lefb the machine. 
This practice should always be discouraged, as the 
cutting action of the disc, in addition to engendering 
heat in the points of the saw teeth — owing to the rapidity 
of its motion through the air — causes a cooling process 
to go on at the same time, which, when the sharpening 
is completed, leaves the teeth with a considerable 
amount of hardness; they consequently wear longer 
than if left with their * skin ' soft, as is the case in 
hand-sharpening. The quality of the emery discs 
should be undoubted, and of not too coarse a grit, ex- 
cept for heavy, rough work. On the early introduction 
of this machine considerable disappointment and loss 
was occasioned from the unreliable character of the 
discs then supplied: this is now no longer the case. 
Fig. 36 represents a -compactly designed machine, ar- 
ranged to sharpen both circular and straight saws, 
by Messrs. Thomson, Sterne, and Co., Limited, of 
Glasgow. 
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For aliarpetiui^ band-aaw blades, up to the present 
time the only machine that we are acquainted with is 
Martinier's patent, the first of whose machines which 




was adapted for both sharpening and setting the blades 
wafi exhibited xa. the Paris International Exhibition, 
1878. It is ingenious, but somewhat complex in its 
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construction. Whether it will stand the test of time 
remains to be proved. We believe it has not yet been 
introduced into this country. The saw blade is placed 
round two pulleys, and is sharpened by a small revolving 
disc of steel, which is bevelled on one edge and serrated. 
The saw is brought forward a tooth at a time by means 
of an automatic feed, and held in position by a spring, 
which is released as each tooth is sharpened, when 
another is advanced. A. stop-piece is fitted to the saw, 
which automatically throws the machine out of gear 
when the sharpening is completed. A small apparatus 
was attached for setting the teeth, but of no special 
novelty. 

Messrs. J. A. Fay and Co., of Cincinnati, U.S.A., 
exhibited a clever little saw-setting machine, which 
gave to the teeth of the saw a blow similar to that 
given by the workman's hammer, instead of a pressure, 
as is usual in most machines for this purpose. It is 
capable of vertical and lateral adjustment, according to 
depths and widths of teeth and gauge of saw. The 
amount of set is varied by means of an adjustable steel 
pointer, which is bevelled at the bottom to the maxi- 
mum set. The saw is set two teeth at a time, and fed 
forward by a paul and lever adjustable to the pitch of 
the teeth. 

For sharpening planing and moulding irons an 
ordinary Yorkshire grindstone, with a water of Ayr or 
similar class of stone attached, is still generally used. 
Several attempts have been made to substitute emery 
discs, and we illustrate (fig. 37) a little machine recently 
patented by Mr. Handyside, of Glasgow. In the centre 
of the machine is a wheel suitable for grinding straight 
irons, and at one end of the spindle four emery wheels 
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adapted for sharpening moulding irons are fitted; at 
the opposite end of the spindle is an emery hone for 
finishing parposes. The water neceasary ia supplied 
by means of a small pump, worked from the counter- 
shaft shown at the back of the machine. Several ma- 
chines were shown at the recent exhibition in Paris by 




V. Arbey on which were fitted small revolving emery 
discs, arranged to sharpen the plane irons without re- 
moving them from their blocks. In the use of emery 
for this purpose very great care must be observed, or 
the cutting edge of the iron will be made too hard, 
and consequently chip in the working. 
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For sharpening long plane-irons a grinding-rest, 
with lateral and transverse movement, shonld be at- 
tached to the grindstone ; the iron shonld be held in a 
frame arranged to set to any desired bevel, by which 
means the longest irons can withont difficalfy be ground 
perfectly true. 

It is very necessary that the grindstone itself should 
be in good order, and true on the face. For many 
years, when the stone became untrue, it was the custom 
to turn it up with a pointed steel tool. This plan, how- 
ever, is very wasteful, and in many establishments has 
given place to handy little apparatus for dressing up 
grindstones, patented by a Mr. Brunton some five years 
since. It consists of a steel disc bevelled to a cutting 
edge on one side, and keyed to a spindle which revolves 
in a socket attached to a plate. The cutting disc and 
plate are made to traverse across the face of the stone 
by a hand wheel and screw. The disc is fixed at an 
angle to the stone, and is pressed against it, the stone 
thus causing the disc to revolve at a speed on its cut- 
ing edge equal to that of the stone. Any degree of 
feed can be put on the cutting disc, which quickly 
removes inequalities, leaving the face of the stone per- 
fectly true, causing the smallest amount of waste to 
the stone and effecting a considerable saving in time. 

For grinding moulding irons some four Bilston or 
other sandstone grindstones, of some* 18 inches diameter, 
should be mounted on a spindle revolving in a trough. 
These should be turned up to fit the outlines of the 
various moulding irons. In addition to these four 
stones, two other fine grit stones are usually attached, 
to give the irons a fine cutting edge after they have 
been reduced on the shaping stones. 
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CHAPTER XXV. 

HAND-POWEB MACHINES. 

One of the most general operations in joinery is that 
of mortising, and there are few but the very smallest 
establishments that cannot employ a machine driven 
either by steam or hand economically. It is a matter 
of some doubt when a machine for mortising was first 
made in this country. Probably rotary machines driven 
by water power were in use at the end of the last 
century. However that may be, Bentham in his speci- 
fications in 1793 distinctly claims both reciprocating 
and rotary machines ; and it seems that he, in con-^ 
nection with his brother, Jeremy Bentham, was com-^ 
missioned some few years later by the Government to 
fit up several of the dockyards with machinery, amongst 
which mortising machines are mentioned. In the first 
thirty years of this century little or no progress was 
made, and very little appears to have been done in 
manufacturing machines for sale. Even in the year 
1848 the manufacture was confined to a very few firms 
in this country, amongst which we may name the fol- 
lowing as the most important : — Worssatn, London ; 
Horn, London ; Powis, James, and Co., London ; Robin- 
son, Rochdale; Eumess, Liverpool; McDowall, John- 
stone ; Forrest and Barr, Glasgow ; and most of these 
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made only on a very small scale. When we compare 
the large establishments now in operation, and the 
great range of machines turned out, we cannot but 
admit that saAvmill engineers have, to say the least, 
kept pace with any other branch of engineering. 

A mortising machine worked by the foot was in- 
vented by Mr. John Mortimer, of Aberdeen, in the 
year 1847 ; and the hand-power lever mortising machine 
was introduced into this country from America by Mr. 
Coulson, of York, about the same time 

The mortising and boring machine we illustrate 
herewith (fig. 38), although somewhat modernised, is 
substantially the same as one brought out by Messrs. 
Wilson and Lewis, for the firm of Powis, James, & Co., 
in the year 1852, and for the combination of the opera- 
tions of mortising, tenoning, and boring in one machine 
letters patent were granted to them. The illustration 
does not show the tenoning arrangement, which, how- 
ever, is easily added. As a strong, well-made machine 
it compares favourably in the ratio of six to one against 
hand labour with chisel and mallet ; the wonder is, in 
these high-pressure days of cheap production, that they 
are not more universally used than they are, as they 
would pay a handsome interest on the amount invested 
if they were idle one-half of the year. 

The action of the machine is easily understood. 
Motion is given to the chisel by a counterbalanced 
forked lever (worked by one or both hands), which is 
connected with a gun-metal cross-head at the top of the 
vertical spindle by two wrought-iron double eye-pieces. 
The wood to be mortised is placed on a table imme- 
diately beneath the chisel. This table can be worked 
by the large hand-wheel, which is perhaps the most 
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conyenient for light work, bat for heayj work a self- 
acting arrangement can be nsed with advantage. This 
self-acting n^otion is gained by a side rod from the 
forked lever, acting by means of a stop-piece on another 
small weighted lever, at the end of which is a wronght- 
iron paol, acting on a toothed wheel which is fixed to 
a spindle. A pinion on this spindle works in a rack 
beneath the table ; thus, when the forked lever is in 
work, a lateral motion is given to the same. It is 
easily thrown out of motion when not wanted by moving 
the stop-piece. The chisel nsed is of solid cast steel, 
tapered somewhat on back and sides, which, after trial 
of hollow and many other forms, is undoubtedly the 
best for all practical purposes. It has a plain tapered 
end fitting into a socket. Some makers fit a ^ feather ' 
on to their chisels, with the idea of always keeping 
them square to the work. 

This I do not recommend, as after a time the 
' feather ' is apt to get loose or twisted. Forked or 
double-mortise chisels have also been tried, but with- 
out much success. This machine is adapted for doing 
any kind of mortising in soft or hard woods; in the 
latter, however, it is necessary a hole should be bored 
in the line of mortise to clear the chisel. It can be 
worked by unskilled labour, hence its great practical 
value in the Colonies as well as at home. In fixing 
the chisel to commence work, press it up in its Socket ; 
making a light indentation in wood, reverse chisel, and 
bring same down again, and note that it falls square 
between gauge-lines. In wedging a mortise, it is only 
necessary to raise one end of wood and make the wedge 
cut before removing same. To take the jar off the 
cross-head at the top of vertical spindle (which is con- 
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siderable in hard wood) an india-rubber washer about 
an incli in thickness is fitted on spindle immediately 
beneath it. The boring motion needs no explanation, 
it consisting merely of a pair of bevel wheels worked 
by a handle which gives a rotary motion to the spindle, 
and an auger is inserted in the spindle socket in place 
of a chisel. The tenoning arrangement consists of a 
pair of adjustable bevelled knives, fixed to a forked 
tool-holder, fitted into the chisel socket, and working 
in a slide fixed to the table. 

The operation is the same as for mortising; the 
wood, however, is cut away on the edges, and the tenon 
is left in the centre. Tenons can be cut rapidly in this 
manner, but great care is necessary to keep the knives 
in order, as they are, even with careful management, 
apt to spring, thus cutting an untrue tenon, thicker at 
the bottom than at top. When mortises or tenons 
have to be cut or holes bored at an angle, the table 
which holds wood can be arranged to cant and fixed to 
any angle desired ; by means of a quadrant and pointer 
worked by a worm and worm wheel, it can also be made 
to rise and fall when the work varies very much. Some 
few machines worked by the foot are in use ; they may 
answer tolerably for very light work, but for the general 
rough work of a builder^s establishment they are of 
little value. 

In 1861 Mr. Jackson, of Leeds, patented some 
improvements in the method of operating hand-lever 
mortising machines. 

In the year 1876 Mr. John Phillips, of London, 
patented some improvements in hand mortising ma- 
chines, the chief of which was the mounting of the 
hand lever at the upper end of a rocking fulcrum bar. 
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Recently also a machine has been patented with two 
separate vertical slides (one holding the mortise chisel 
and the other the core-driver), fitted to the main 
standard of the machine. These are worked by two 
separate hand-levers, attached to which are the rock- 
ing side-rods, which allow the chisel to have a greatly 
increased stroke, thus obviating the necessity of rising 
and falling the table to suit diflferent thicknesses of 
stuff. The chisel has a stroke of 11 inches, and this 
plan should be found advantageous when mortising 
right through a piece of wood; but when a mortise 
is to be made only . half-way through, the ordinary 
form of machine is preferable. Various minor im- 
provements have been introduced into hand mortising 
machines by Haigh, G. Wilson, Green, and others. 
In the present year (1879) Mr. J. Phillips has patented 
an improved revolving tool box, especially adapted 
for mortising machines. The different tools employed, 
such as the mortise chisel, core-driver, tenoning tool, 
and boring bit, are fitted to the tool box in a simi- 
lar manner to the nave of a wheel with four spokes. 
These are arranged to turn round on an axle, and are 
held in any desired position by means of a spring bolt. 
Thus after a mortise is cut the box can be revolved, 
and the core-driver brought into position to finish the 
mortise at once, obviating the constant alteration of 
tools or moving of wood. This arrangement is now 
being introduced by W. R. Reynolds and Co., London, 
Hand-power saw benches with and without combi- 
nations of band sawing machines, &c., have been of late 
somewhat extensively introduced, and for light work 
and where steam is not available they are doubtlessly 
of considerable use. The machine herewith illustrated 
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(fig. 89) is from the designs of Messrs. C. Powis and Co., 
MUlwall Pier, E., who are, we believe, the original in- 
troducers of these combinations ; its working is simple, 
and is easily understood from the engraving. The cir- 
cular saw is driven by a belt from the fly-wheel shaft, 
to which also is fitted fast and loose pulleys to drive by 
steam if desired. This motion is easier and considered 
far preferable to the method pursued by some makers, 
of gearing a toothed wheel directly into a pinion on 
the saw spindle. The spindle is fitted in a slide, and 
arranged to rise and Ml for the purposes of grooving, 
rebating, &c. One end of saw spindle is bored to re- 
ceive augers. 

A very useful addition to the machine is the small 
cross-cutting slide shown on the top of the bench. The 
band saw is arranged to run over three pulleys instead 
of two, which is an improvement, as it renders the 
tension on the saw much less than it would be when 
running over the small wheels, and the breakage of 
saws is considerably lessened thereby. This machine 
is worked directly from the spindle, and the necessary 
tension is given to the band saw by a spiral spring ; 
the table is also arranged to cant to 45° for bevel- cut- 
ting. This machine should be useful to chairmakers 
and others who do much light irregular sawing, espe- 
cially if worked by steam. An improvement in working 
hand-power benches has recently been introduced by 
Messrs. Olley, of Southwark. In consists in making the 
circular saw to cut up-hill against the wood instead of 
down. By this means the drag on the saw is very much 
reduced; the driving power, of course, being lessened 
in proportion. 

Several forms of hand mitreing machines for ' shoot- 
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ing ' the mitres of picture frames, &c., have been con- 
stracted, with more or less success. One of the first 
machines made had a motion directly vertical to the 
wood ; this was secured bj a pair of right- and left-hand 
knives fixed to a cast-iron block working in a vertical 
guide, and operated on bj a lever ; this gave an up-and- 
down or * chopping ' motion. The knives were set to 
an angle of 45% but with a little alteration the angle 
could be varied, if desired. The knives required con- 
siderable care to enable them to cut any length of time, 
but some operators even now prefer this machine to 
others of more recent date. 

Some six years since a patent for an improved 
mitreing machine was taken out by a Mr. Shute, of 
London, and we believe considerable numbers of this 
machine have been made. The improvement claimed 
is that, instead of the ordinary vertical action across 
the grain of the wood, the moulding to be operated on 
is set on edge and the knives made to cut in a diagonal 
direction, thus operating more or less with the grain of 
the wood instead of across it. 

A double mitre-cutting machine has also been re- 
cently patented by Mr. Bowman, of London. In this 
machine two cutters are arranged in slides, working 
diagonally at right angles to each other; these cutter 
slides are worked by means of a lever and two toothed 
wheels, which gear into each other and into racks of 
corresponding pitch, which are fitted to either cutter 
slide. The knives are capable of cutting the moulding 
to a required length, and at the same time mitreing it. 

Several other machines have been made, the knives 
being given a horizontal motion, &c., but we are a&aid 
the machine has yet to be invented that will cut true 
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for a continuance withoat splintering or leaving ragged 
edges — say, bolection or gilt mouldings, for instance. 

There are some few machines made for fret-cutting, 
boring, &c«, by hand or foot power, but as they are 
chiefly used for light ornamental work, they hardly 
come within the scope of this work. 
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CHAPTER XXVL 

COEKWOOD-WORKlNa MACHINEET. 

The writer has recently spent a considerable amount of 
time in perfecting sereral machines for manipulating 
cork wood. This, owing to its elasticity and yielding 
properties when uilder the action of the cutters, is a 
difficult material to operate on. For rounding cork 
wood for bottle corks, bungs, &c., the best plan to 
pursue is to mount in an adjustable slide with a hori- 
zontal motion a plain steel knife some 18 inches long, 
which can be kept constantly sharpened by means of 
small revolving emery wheels bearing directly on its 
cutting edge. The cork wood to be rounded is secured 
between spring chuck centres, and when horizontal 
motion is given to the knife a rotary motion can be 
imparted to the cork wood by means of a lever and belt. 
The slide carrying the knife should be arranged to 
swivel, and be adjustable to varying sizes of corks, and 
also adjustable vertically at either end ; thus by lowering 
the slide at one end and making the knife to traverse 
diagonally taper as well as cylindrical corks can be 
cut. Chucks fitted with several steel needle-points are 
to be preferred for general purposes, as the cork wood 
is very rapidly fixed in them and the slight indenta- 
tions made by the steel points disappear. The chucks 
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employed are of course made to suit the different-sized 
corks or bungs required. Cork wood is often employed 
in sheets as lining for helmets, hats, socks, &c., owing 
to its lightness and protective powers. These sheets 
have sometimes to be produced as thin as paper, an 
operation of considerable delicacy. I have employed 
with success for this purpose a circular revolving steel 
knife ground sharp at its periphery, and the cork wood, 
which is cut in the first instance to the shape the 
sheets are required, is fixed in a movable chuck-plate, 
arranged to revolve by hand and fitted with an ex- 
tremely delicate feed-motion for bringing the cork wood 
to the knife, or vice versa. 

Cork wood is largely employed in the manufacture 
of different kinds of floor coverings, such as corticine, 
&c. For this purpose it is necessary to reduce it to 
the very finest powder, such as would pass through a 
70-mesh sieve. The production of this must be set 
down as perhaps the most difficult of all operations in 
wood conversion. If it is passed through a high- 
speed disintegrator, making some 3,500 revolutions 
per minute, the bulk of the product is far too coarse 
for the purposes required. Ordinary edge-runners will, 
with sifting, produce the required fineness of powder ; 
but this is at the best a very slow, and therefore an 
expensive, process. The writer has made a variety of 
experiments in this direction, which have more or less 
failed in their object; but he is now engaged in con- 
structing a machine in which rubbing and cutting 
actions are combined, and he has so far every reason to 
believe this arrangement will have the desired result. 
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CHAPTER XXVn. 

MISCELLAITEOUS MAOHINEET FOE WOEKIITG WOOD. 

A LAEGE number of machines have been produced from 
time to time for performing the many special operations 
required in the conversion of timber. Many of these 
machines are made for or by the users, and often em- 
body in their construction points of great ingenuity, 
which the owners keep to themselves. Possibly in 
these days, when the rule seems to be, * Live on other 
men's brains if you can, if you cannot use your own,* 
they may not be much to blame in not making known 
an idea from which, owing to more rapid and econo- 
mical production, they derive an extra gain. These 
inventions or improvements are usually made by small 
masters, or men operating the machines, who, owing to 
slender means, are unable to pay the high rate of 
patent fees in vogue in this country to protect their 
ideas, and have perhaps found to their cost, in conjunc- 
tion with many others, that the recompense arising 
from working for the public good may be represented 
by the algebraic term z. America, on the contrary, 
rejoices in a low patent rate, and doubtless this has its 
objections ; but we think it may be cited as one of the 
several reasons why America is enabled — although af- 
fording her producers a higher rate of pay — to compete 
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with ns successfully at our very doors. In mauy of 
the machines of American construction known to the 
writer, although they are certainly not superior in 
design or workmanship to English-made machines of 
the same class, they seem to him to be carried further 
and made more complete in their general details and 
range of operation, small and effective * notions ' being 
introduced, increasing little the first cost of the ma- 
chine, but adding greatly to its economic production 
when multiplied by a series of months or years. 

Amongst miscellaneous machines for converting 
wood those for finishing the surface by means of sand 
paper are deserving of mention. These vary in con- 
struction according to the nature of the work required. 
For finishing doors or other large surfaces usually a 
number of flexible arms are attached to a column or 
bolted by means of a bracket to a wall. By the use of 
elbow joints these arms are arranged to move in any di- 
rection. The sand paper is fastened on a disc which is 
mounted on a vertical spindle, and receives motion by 
belt gear. A flat surface is thus presented by the sand- 
paper face of the disc to the wood. The article to be 
finished is placed on a table immediately beneath the 
revolving disc, which can be adjusted to different thick- 
nesses of work by a hand wheel and screw or other 
suitable means. The pressure of the disc can be regu- 
lated by a spring, and an exhaust fan should be attached 
for the removal of the dust, thus enabling the operator 
to see at a glance when the right amount of finish is 
attained. For straight, fiat surfaces the sand paper is 
sometimes mounted on a cylinder or drum placed im- 
mediately below a table, but part of its periphery 
projecting slightly above its surface. The wood can 
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either be passed over the face of the drum by hand or 
a self-acting roller feed can be fitted, similar to that on 
a light planing machine. The face of the drum on 
which the sand paper is fixed should be covered with 
some moderately flexible material, and the drum should 
be adjustable vertically to vary the amount of the 
cutting action of the sand paper. 

For turning broom handles and such like cylindrical 
rods several machines are in use, varying chiefly in 
the arrangement and shape of their cutting tools. For 
rounding purposes a hollow mandrel is usually employed, 
into which hollow chucks arranged with knives are 
fitted ; these chucks vary in their bore according to the 
sizes required. The wood to be rounded is either pushed 
through the chuck and mandrel by hand or by the aid 
of self-acting feeding gear. One patented by Messrs. C. 
B. Eogers and Co., of Norwich, U.S.A., and shown at 
the International Exhibition in Paris, 1878, is some- 
what novel. It is self-feeding, but does away entirely 
with feeding gear, the cutters being arranged in the 
hollow mandrel through which the wood passes in such 
a manner that a kind of screw feed is given, which, 
after the cutters first strike the wood, pulls it through 
without extraneous aid. The mandrel is speeded to 
make 3,000 revolutions per minute. 

A very ingenious machine for turning oars was in- 
vented and patented by one Ezekiel Page, an American, 
in the year 1842, by which he was enabled to shape 
two oars out of a piece of wood where one only before 
had been obtained, the remainder being cut to waste. 
Our space, however, unfortunately forbids an extended 
notice. About the year 1855 a machine for dressing 
oars on Steele's patent was erected at the Royal 
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Dockyard at Chatham. The wood was first roughed 
out by two sets of circular saws mounted upon swivel- 
ling cylinders, arranged to turn on their centres, whilst 
a sliding bed allowed them to advance or retire from 
each other by the action of an adjustable * feeler bar' 
or tracer. After the wood passed through this machine 
it had the general outline of an oar, but with rectangu- 
lar section ; it was then passed to a finishing machine, 
when the loom and blade were finished simultaneously 
by two sets of cutters. 

Mr. G. L. Moles worth, in his paper read in 1867 
before the Institute of Civil Engineers, mentions several 
machines for sawing curved ship's timbers, including 
one invented by a Mr. Hamilton, of the United States, 
and another by M. Normand, of Havre. In Mr. Hamil- 
ton's machine two straight saw-blades were attached 
to buckles arranged to turn on their centres whilst in 
motion. These saws were mounted in swing frames 
formed of hollow wrought-iron bars, to combine strength 
with lightness. In one large or external swing frame 
two internal swing frames were arranged, with a trans- 
verse sliding motion along the external swing frame. 
Each of the saws which were mounted in the internal 
swing frames were turned on their centres, and guided 
by the workman to any line marked out on the timber 
by a forked lever of wood applied to the back of the 
saw. The timber was arranged to swivel on its axis by 
means of gearing, thus enabling a variable bevel to be 
cut as it was fed forward. 

A method for ensuring accuracy in sawing ship's 
timbers of varying bevel, obviating the necessity of 
trusting entirely to the eye of the workman, is 
worthy of notice it was invented by a Mr. Green some 
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five-and-twenty years ago. The machine was fitted 
with a small roller, worked by suitable gearing, and 
the travel of its periphery was made proportional to 
the feed of the timber through the saws. A tracer was 
attached by gearing to the swivelling centre of the log, 
and indicated any bevel given to the wood. A small 
diagram of the required bevel was drawn to scale and 
wound round the roller; the tracer was kept on the 
lines of the diagram as it slowly revolved by means of 
a screw, and the log was cut to a bevel corresponding 
with the diagram. 

The novelty in M. Kormand's machine for cutting 
ship's timbers consisted in the method employed for 
supporting and feeding the timber. The log rested on 
four horizontal rollers, which were capable of moving 
in the same plane, so that their axes may be either 
parallel or in such a position that the imaginary lines 
formed by the production of their axes shall meet at 
the centre and be portions of radii of a circle of large 
or small diameter, as required. By means of a handle 
the positions of these rollers could be altered, and the 
log caused to travel through any segment of a circle, 
the centre of which was indicated by the roller axes ; 
and as this centre could be altered whilst the machine 
was in motion, the curve described to could be varied 
to any extent. A frame, upon which the rollers were 
supported, was arranged on a longitudinal axis, so as to 
be canted with the rollers and the log to any desired 
angle. A ratchet movement was added, to make this 
movement self-acting if required. 

Amongst other machines mentioned in this in- 
teresting paper was a simple one for rounding wood 
for broom handles, &c. This was the invention of a 
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Mr. Wilson. In this machine a cylindrical gauge 
cutter and a paring tool in the form of a disc were 
employed. They were arranged to turn in their sockets 
as required, thus presenting continually a new cutting 
edge. 

In 1868 Mr. J. Sanders, of New York, patented 
a somewhat novel combination of circular saws and 
cutters for mitreing the joints of rectangular frames, 
such as are used in looking-glasses, pictures, and win- 
dow frames. At either end of a spindle, which revolved 
in bearings fixed at the top of an iron frame or table, 
was mounted an annular circular saw. These saws 
were not mounted in the usual way, but secured to 
turned wrought-iron flanges or washers. These flanges 
were bolted to hollow circular cutter-blocks, which 
were fitted with three or more plane irons, arranged to 
project slightly beyond the surface of the saw plate and 
plane the joint of the mitre smooth after it was cut by 
the circular saw. These plane irons were fixed in 
recesses in the circular cutting block at an angle of about 
45 degrees to the face of the plate, and kept in their 
places by means of wedges actuated by screws. This 
plan leaves a clear space for the discharge of shavings, 
&c. The wood to ]be jointed is placed on the frame, 
sliding horizontally on the top of the table, and fitted 
with fences at an angle of 90 degrees to the face of the 
saw. This sliding frame is fitted with stop pieces and 
index plate, by which the lengths of the frames to be 
jointed can easily be regulated. The sliding plate 
works longitudinally on V's, and can either be pushed 
past the saws and cutters by hand or self-acted by 
means of a rack and pinion actuated by worm gearing 
fixed on a countershaft at one end of the machine. 
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In 1853 Mr. W. Kendall, of Blawith, Lancashire, 
took out a patent for improvements in machinery for 
turning and hollowing wooden boxes, or cutting out 
solid wood into boxes or other receptacles of a like 
class. The apparatus consisted in general form of a 
horizontal spindle, carrying a species of chuck, which 
was fitted with a projecting circular gauge of the size 
of the outside of the box to be hollowed. In the 
centre of the chuck and gauge was a cutter made up of 
a small tool, fitted into a second revolving chuck in 
such a way as to permit a small portion only of the 
cutting edge to project. The wood blank is turned in 
a separate lathe. This blank is placed with its axis co- 
incident with the axis of the cutter spindle ; it is urged 
longitudinally forward by a runner, its end being in- 
serted in the gauge, whilst the revolving cutter scoops 
out the wood. The cutter and its position as regards 
the centre of revolution were so arranged as to cut the 
hollow to the required gauge of box. 

Amongst miscellaneous wood-working machines 
must be mentioned Messrs. Greenwood and Batley's 
machines for manufacturing gun stocks and other war- 
like materials. Several series of these machines have 
been erected by them for the Government at Woolwich, 
Enfield, and elsewhere, leaving little in the manufacture 
of a gun stock to be performed by hand, the recess for 
receiving the lock even being cut out by mechanical 
means. This operation is novel and somewhat difficult 
to perform. A series of five cutters are mounted on 
five separate spindles, each fitted in a separate slide 
arranged in a rotating circular frame. Each slide has 
a vertical and horizontal movement. The gun stock 
and a hardened steel model of the recess required to be 
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cnt are fixed on a table sliding horizontally at right 
angles to the horizontal motion of the cutter slides. 
The cutter spindles run at a high speed, and are brought 
into operation in succession, and by compounding the 
motions any shaped recess can be accurately formed, 
each cutter being governed by a * tracer' which travels 
over the surface of the required model. 
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CHAPTER XXVIII. 

MISCELLANEOUS MACHINERY FOE WOEKING WOOD — 

continued. 

Seveeal attempts have been made to supersede manual 
labour in felling trees in the forest, but, owing to the 
difficulties of situation or manipulation, hitherto with 
only qualified success ; and although possibly under 
special circumstances mechanical means may be em- 
ployed economically, we are of opinion that the day is 
far distant when the sound of the woodman's axe will 
be banished by steam machinery. Inventors in this 
direction include Thompson, Fous^que and Cordes, 
Sansome, and others. Thompson exhibited an appa- 
ratus for this purpose as far back as our International 
Exhibition of 1862. This consisted of a couple of 
saws let into an endless band reciprocating between 
two pulleys. One pulley was fixed on either side of the 
tree to be felled, and onte of them was arranged to pivot 
in a circular segmental slide concentric with the sta- 
tionary pulley. The saw was fed into the tree by 
shifting the saw frame towards it radially upon the 
fixed pulley as a centre ; after the tree was cut half-way 
through the saw was moved to the other side and the 
operation repeated. 

A few years since Messrs. Eansome and Co., of 
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London, patented a machine for felling and cross-cut- 
ting trees. This machine briefly consists of a steam 
cylinder of small diameter, but arranged with a long 
stroke. This cylinder is mounted on a wrought-iron 
frame, and arranged to pivot by means of a hand wheel 
and worm, gearing into a toothed quadrant fitted to 
the back of the cylinder. The saw is fixed directly on 
to the end of the piston rod, and arranged to travel in 
guides; the teeth of the saw are formed to cut only 
during the backward stroke. The cylinder is supplied 
with steam from a portable boiler by means of flexible 
tubing, and the machine, when used for felling, is at- 
tached by a screw to a trident-pointed bar driven into 
the tree itself. After the saw has progressed some little 
way in its cut wedges are driven into it, to prevent the 
saw being pinched or buckled and to guide the fall of 
the tree. Four men are required to manipulate. 

Another method of felling trees by means of re- 
volving cutters has recently been tried, but without 
much success. The plan pursued was to mount in a 
frame a lever carrying two arms, which were adjustable 
horizontally to the size of the tree. On these arms 
were mounted revolving cutters, which made an incision 
into either side of the tree ; to keep the machine taut 
a chain actuated by a winch was attached to the frame 
and encircled the tree. 

A portable tree-feller and sawing machine was 
patented by W. H. Smyth in 1878. It consisted of a 
reciprocating saw, united by a connecting-rod with a 
cross head, working on guides. The guides are loosely 
united at their rear end with the driving axle, so that 
thev move round it as a centre as the saw makes its 
cut. The driving crank is formed in this axle between 
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the guides, and is connected with the connecting-^rod. 
A lug on the latter actuates a paul gearing with a 
ratchet on the end of a spindle, to the other end of 
which is fixed a pinion gearing with a rack formed on 
the frame at the upper end of the machine, so that at 
each stroke the saw is fed forward into the cut. 

In 1874 also Fous^que and Cordes, of Paris, pa- 
tented an apparatus for cutting down trees. 

An antifriction or rolling cam-press for extracting 
the stumps of trees, the invention of Mr. Dicks, an 
American, should be mentioned ; although it has never 
come into much use, it was of great strength, and 
possessed several features of novelty and interest to 
engineers. 

During the erection of our International Exhibition 
of 1851 a series of machines were designed by Paxton, 
Birch, Furness, and Cooper for cutting gutters, shaping 
hand rails, sash bars, &c., and sawing, planing, and 
moulding the various wood work used in the erection. 

A considerable number of patents have been ob- 
tained in connection with carving machinery. Mr. 
J. Gibbs obtained one in 1829 for a machine for 
shaping and recessing in low relief, shaping busts, &c. 
Irviug's patent in 1843 consists chiefly of improvements 
and modifications of Gibbs's, but he claims all com- 
binations for carving in which the swing frame carry- 
ing the cutters and table carrying the wood have both 
circular motions. 

Jordan^s weU-known system of carving machinery 
by means of revolving tools was patented in 1845. It 
was extremely ingenious and novel in many of its 
working details, but, being somewhat complex and 
elaborate, has never come into extended use. Some 
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its place. These holes are bored by a supplementary 
spindle. 

A number of machines for cutting match splints 
have been made, including one patented by John Long, 
of Glasgow, in 1865. The improvements herein con- 
tained relate to an arrangement and combination of 
certain parts of mechanism, and have for their essential 
object the cutting or dividing of timber with rapidity 
into small pieces, such as those used in the manufacture 
of lucifer matches, pencils, or other generally similar 
purposes. The apparatus consists of a strong iron frame, 
in the lower portion of which the main shaft revolves by 
means of a belt actuating a pulley fixed thereon. At 
one end of the shaft a fly wheel is fixed, at the other 
end a crank or cam is attached, and a connecting rod 
extended from this to the movable block or frame 
carrying the knife or knives by which the vertical cut 
in the wood to be divided is made. As the cam or 
crank revolves, its eccentric or circular motion is 
converted by means of the connecting rod into a 
vertical reciprocating motion of the knife or knives. On 
the top of the framework V or other shaped slides are 
fixed, and on these travel the saddle or table carrying 
the pieces or blocks of timber to be divided. The table 
is furnished with two gutters above, into which the 
blocks of timber previously cut to the required shape 
are placed. The table is caused to travel horizontally 
on the slides, and thus the faces of the two blocks being 
cut are alternately brought in front of the knife or 
knives. The horizontal movement is i^iparted to the 
table by means of a cam fixed into the main shaft. 
The cam is grooved, and into this groove enters an 
anti&ictional roller on a stud projecting from the side 
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of a strong lever. Therefore as the cam revolves the 
lever is caused to vibrate; and its upper end being 
coupled to the saddle or table, the two blocks of wood 
impart the necessary horizontal motion to it. Attached 
to that portion of the framework in which the vertically 
acting knife or knives are located is a projecting set or 
sets of knives, which cut into the blocks of wood as 
they alternately travel before them. By these means 
the wood is first divided into a number of horizontal 
strips, needing only the downward motion of the knife 
to separate them in the form of rectangular bars from 
the block or blocks of timber. The splints are thus at 
once produced in a state fit to be used for any purpose 
before described. As soon as one downward cut has 
been made, the table travels back to its former position, 
and the other block is similarly treated. It should be 
mentioned that the table is fitted with two sets of 
forwarding gear, by means of which, as soon as one set 
of splints have been cut oflF the block of wood, it is forced 
on a distance sufficient to allow an equivalent portion 
to be divided or cut off for the next set of splints. 

Our illustrations (figs. 40 and 41) represent a ma- 
chine designed by Messrs. Richards and Atkinson, of 
Manchester, for sawing to exact finished dimensions. 
For this purpose especial care has been taken to ensure 
the utmost accuracy in the working details. As will be 
seen from the drawing, two saws are mounted in a 
swinging frame, either of which can readily be brought 
into use by the worm gearing for ripping, cross-cutting, 
or grooving, as may be desired. The driving band is 
so arranged that it retains its proper driving tension at 
any position of the saws. For cutting out printer's 
reglets, accurate pattern, or other similar work this 
machine should be of considerable service. 
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Our space precludes our noticing the various im- 
provements introduced into ordinary lathes for turning 
wood, but we herewith illustrate one (fig. 42) designed 
for copying special and fixed work by F. Arbey, of 
Paris. It is constructed for cutting twisted or straight 
flutings, and other ornamental work usually found in 
various kinds of furniture, such as the beads and fiutes 
in table legs and columns. Although the patterns it is 
capable of copying appear somewhat complex, the 
action of the machine is positive ; but it can be altered 
and varied very considerably. The speed of the cutters 
is adjustable to suit different kinds of work, and the 
designs are readily altered. Altogether it must be 
held to be a very fair example of its class. 



256 WOOD-WORKING MACHINERY. 



CHAPTER XXIX. 

MOTIVE POWEE FOE DEIVING WOOD-WOEKING MACHINEEY. 

The earliest motive power used for driving wood- work- 
ing machinery was that produced by the water-wheel 
and wind-mill. The latter has entirely fallen into disuse ; 
but a great number of water-wheels are still in opera- 
tion, and, where sufficient water can be obtained, it is 
undoubtedly the most economical power available. 
Turbines and other forms of water engines have of late 
years been introduced, with more or less success ; but, 
as a sufficient fall or head of water is seldom to be had, 
steam must of necessity be the power most generally 
employed. The different types of engines are * as thick 
as leaves in Vallambrosa ; ' and when a user is con- 
fronted with six-cylinder, three-cylinder, rotary, oscil- 
lating, &c. Ac, all warranted to effect wonderful results, 
no wonder he finds ^confusion worse confounded.' 
From a somewhat extended experience the writer is 
of opinion that for driving wood-working machinery, 
except under certain special conditions, the most eco- 
nomical and convenient form of engine is the horizontal 
high-pressure, fitted with a condenser, as by this means 
a vacuum is formed behind the piston, relieving it of 
back pressure and giving an increase of power and a 
consequent saving in fael. We will not here dwell on 
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the extremely short-sighted policy of employing an 
engine of a low class. This has been urged over and 
over again ; but, tempted by a low first cost, numbers 
of people may still be found to purchase these miser- 
able productions, which have already considerably 
damaged the high character for design, materials, and 
workmanship once held by English-made engines in all 
parts of the world. So much having been done in that 
direction, it would be out of our province to write at 
length on the economy of the steam engine; but we 
take it that an engine for this class of work, to be 
really economical, should combine in its construction 
the following points: — (1) a stroke of at least twice the 
diameter of the cylinder; (2) an efficient condenser; 
(3) an automatic expansion slide, controlled by sensi- 
tive governor gear; (4) a steam-jacketed and lagged 
cylinder ; (5) short steam-ways ; (6) all bearing surfaces 
well fitted and lubricated, and an efficient method of 
packing; (7) large cylinder area for nominal horse- 
power; (8) fly wheel of large diameter and extra- 
heavy section. In addition to these points, as the duty 
of an engine for saw-mill purposes is often very severe, 
great care should be taken that the materials and 
workmanship employed are of the first class. The 
crank shaft, connecting rods, &c., should be made -of 
the best fagoted scrap-iron ; the piston rod, keys, 
pins, &c., of steel; the bolts, joints, &c., subject to any 
special wear should be case-hardened. All glands 
should be bushed with gun metal, and the guide blocks 
and crank-shaft bearings made adjustable for wear. 

If power has to be transmitted a considerable dis- 
tance by means of shafting, a large amount of force is 
lost through the friction necessarily engendered; and 

s 
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it has become more or less the fashion to substitute 
several smaller engines and boilers in lieu of one large 
one. This plan has the additional advantage that, 
should an accident occur, the whole establishment is 
not necessarily laid idle. If small high-speed engines 
are employed, the momentum of the reciprocating parts 
should be balanced. This can be done by so counter- 
weighting the crank that the piston, when working, 
moves in an opposite direction to the counterweights. 
The shaft is thus relieved from excessive shock. 

In these engines, which should work expansively, 
the bearing surfaces must be of longer area than in 
slower running engines, and the workmanship must be 
of the first order, or they will be found to deteriorate 
rapidly. 

In small establishments, where much power is not 
required or where space is of great value, vertical com- 
bined engines and boilers are often employed. The 
foregoing remarks apply with equal force to these as 
well as any other form of engine that may be used. 
In vertical combined engines and boilers all working 
parts of. the engine should be made totally independent 
of the boiler, as the constant action of the engine pro- 
duces an injurious strain on the boiler, and, from the 
expansion and contraction of the boiler, the proper 
working of the valves of the engine is also interfered 
with. As regards the construction of the boiler, we 
recommend the dome description with cross tubes in 
preference to the multitubular form, as being easier kept 
in repair and free from deposit. The cross tubes should 
be made of Lowmoor or equal brand of iron, and so 
arra.nged that the fiame should be distributed and as 
much heat as possible extracted from it before being 
allowed to pass into the chimney. 
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The types of steam boilers at present in use are 
almost endless. Although the locomotive and other 
forms doubtless possess advantages under certain con- 
ditions for saw-mill purposes, all things considered, 
the Galloway type of boiler, or the Cornish boiler with 
cross tubes, is to be recommended for safety, durability, 
and economy ; and they have also the additional advan- 
tage of being readily cleaned and repaired, and are 
easily managed, which is important, as in saw mills, 
especially in remote districts, skilled labour is not 
always obtainable. 

In recent types of Galloway boilers several improve- 
ments of some moment in their shape and mode of 
manufacture have been introduced. The edges of the 
plates are planed, by which means any flaws in the iron 
are easily detected. The diagonal edges of the plates 
are afterwards ' fullered ' with* a flat fullering tool, 
which brings the plates close and tight together. The 
plates are riveted by a dead pressure, and not a sudden 
blow, the pressure being adjusted according to the 
gauge of rivets and plates. If a Cornish boiler is em- 
ployed, it should undoubtedly be fitted with coned cross- 
tubes, the circulation of the water being much im- 
proved and the strain on the joints from unequal exw 
pansiott considerably lessened. 

An advantage in the Galloway type of boiler over 
the Cornish is that, without complicating the form of 
the boiler for cleaning or repairs, the heating surface is 
much greater, the tubes being in the direct passage of 
the heat which strikes against them. The cone tubes 
are usually constructed of plates of a thinner gauge 
than the rest of the boiler, thus enabling the heat 
to pass more readily into the water. The boiler 

8 2 
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plates should be carefully selected, and the edges of 
the plates planed ; the rivet holes should by preference 
be drilled instead of punched, as the strength of the 
boiler is thereby considerably increased. Should the 
rivet holes be punched, they should be of an even 
pitch, thus equalising the strain on the rivets. The 
size and pitch of the rivets should be accurately pro- 
portioned to the thickness of the boiler plates used. 
The resistance of the boiler shell to bursting pressure, 
and the flues to collapse, should also be carefully 
studied. 

As regards the prevention of incrustation, great 
care should be exercised in using anti-incrustation 
remedies, as many of them contain either acid, which 
afifects injuriously the boiler plates, or some greasy 
or glutinous matter, which gives them a tendency to 
bum. Grease especially should never be introduced 
into a boiler. We have found that by blowing out 
once a fortnight, and using a solution of common soda, 
we have had little difficulty in keeping a double-flued 
Cornish boiler clean, although the water used was an 
indifferent sample. In waters containing much sul- 
phate of lime or other deleterous substances a simple 
form of feed-heater should be employed, as by its use 
the water is considerably purified before entering the 
boiler, and any deposit or incrustation can more easily 
be removed. Many remedies for incrustation have been 
introduced, including pieces of oak suspended in the 
boiler, oak or mahogany sawdust, branches or sprays 
of the trees, spent tanner's bark, chloride of tin, mu- 
riate of ammonia, &c. ; but it may safely be concluded 
that although a remedy may answer in one sample of 
water, it by no means follows that it may be equally 
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successful in another, as much undoubtedly depends on 
the nature of the calcareous salts contained in the 
water employed. Hydrate of soda has been used with 
considerable success in waters containing silicates and 
some kinds of salts, and boracic acid is also used in the 
prevention of deposits. Of late years so great has been 
the desire to produce something new in the means em- 
ployed for generating steam, that what Fairbairn calls 
the very essence of constructive science is often neg- 
lected, and the distribution of the material and form 
best calculated to ensure the maximum strength with 
the minimum amount of complication is almost entirely 
lost sight of. Boilers used for driving wood- working 
machinery should be constructed with one-third larger 
fire-grate surface than is usual for burning sawdust 
and waste wood as well as coal. The combustion of 
wood and coal together produces a heat of considerable 
intensity. Care should therefore be taken that the 
fiameof the fire should be equalised and distributed as 
much as possible, that the flues should be of simple 
construction and easily accessible. In some districts 
also the water available is heavily charged with car- 
bonate of lime or other substances which very readily 
cause incrustation, and, unless great care is exercised, 
the multitubular or other complicated form of boiler is 
rapidly destroyed. The boiler employed should in all 
cases be of ample power for the work to be performed. 
An apparatus for heating the feed water by the exhaust 
steam should also be fitted to the boiler, as by this 
small additional outlay a saving in fuel of at least 10 
per cent, is effected. 

Much has been written on the corrosion of steam 
• boilers and the best means to employ for the prevention 
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of the same. External corrosion or oxidation is due 
to atmospheric influences or damp foundation of the 
boiler, and is usually easily prevented by covering the 
boiler with felt or a suitable material which prevents 
also radiation of the heat. If the boiler is fixed in a 
very wet situation, in addition to the felt it is some- 
times found necessary to case the boilers with sheet 
lead. Some classes of paint also prevent oxidation in 
a very considerable degree. As regards internal corro- 
sion, very great difficulty is often experienced, especially 
with certain samples of water, and where tubular or 
any complicated form of boilers are employed in keeping 
the same in a satisfactory working condition. This is 
most generally felt in marine boilers, sea water being 
a very active corrosive agent. It is generally held that, 
owing to the varying densities of the metal of the rivets 
and the boiler plates, a mild galvanic action is produced, 
and corrosion usually commences round the rivet holes. 
Corrosion thus especially attacking the rivet joints is 
attributed by Mr. William Kirtley * to a mechanical 
action combined with a chemical action, and, from his 
experience, in locomotive boilers constructed with lap 
joints it attacked the smoke-box end of the boiler, but 
sometimes extended slightly in an irregular manner 
over the whole boiler surface. 

The mechanical action referred to is attributed by 
Mr* Kirtley to the continued expansion and contraction 
of the boiler springing and bending the plates at the 
joint lines, thus breaking off the scale deposited by the 
water — which is found to be in a certain degree a* pro- 
tection against corrosion — and leaving the boiler plates 

> Proceedings I, M, E,^ 1866. 
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exposed to the continual corroding action of the water. 
Owing to the high pressure at which locomotive boilers 
work as compared with stationary boilers, this spring- 
ing action would without doubt be more severely felt in 
boilers of that type ; consequently the tendency to cor- 
rosion from this cause would be greater. It is also 
found that this detrimental action is increased when 
frame stays or brackets offering a special resistance to 
the expansion of the boiler are used. To obviate as 
far as possible the excessive corrosion at the rivet 
joints, a plan often pursued is to roll the iron plates 
with gradually thickened edges, which distributes the 
springing action over a considerable area. Welded 
joints seem also to exercise a tendency to prevent cor- 
rosion by removing the especial strains found in using 
lap-welded joints. 

Should more than 25 horse-power be required, it is 
preferable to use a pair of boilers instead of one. 

All Cornish boilers above 12 horse-power should be 
constructed with double flues, and fitted with Cross or 
Galloway tubes, and should in addition be thoroughly 
stayed. It is a trite but not unnecessary remark in 
these days of unfair trading and excessive competition 
that when human life is at stake only a first-rate 
quality of iron should be used in the construction of 
steam boilers, and where the action of the fire comes 
in direct contact with the plates, iron of the very 
highest possible quality only should be used. For forest 
use, or where machinery has to be moved from place to 
place, the ordinary portable engine and boiler on wheels 
is to be preferred. The different forms of three-cylinder 
engines, such as the Brotherhood, Willans', &c., al- 
though using a considerable amount of steam, are 
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sometimes found useful in driving single machines. 
Where the rate of speed is not too high they are often 
fixed directly on to the main spindle. In the recent 
(1878) International Exhibition in Paris we saw at- 
tached directly to the bottom saw-wheel spindle of a 
band pawing machine, exhibited by Mons. J. Fau, of 
Bordeaux, a new form of rotative engine, patented by 
P. Martin. It was capable of running at a very high 
rate of speed, but as to its advantages or the reverse 
we are not in a position to speak. 

Great care should be exercised in setting the boiler, 
and the draught should in all cases be regulated by 
an automatic steam-damper, which, as it requires no 
attention and is regular in its action, effects a con- 
siderable saving over the old form of slide damper, the 
working of which is oftentimes neglected by the fire- 
man. It may not here be out of place to remark on 
the false economy of employing so-called ^ cheap ' 
labour in the management of engines and boilers, as 
it has been proved beyond doubt that an intelligent 
trained man, who has some knowledge of the properties 
of steam, who knows the economy of keeping a bright 
even fire and his boiler, safety valves, gauges, &c., clean 
and in good condition, will, in the course of twelve 
months, get extra duty out of his engine, and effect a 
saving in fuel and repairs very much in excess of the 
extra wages paid him. The explosions which almost 
daily occur, occasioning great loss of life and destruc- 
tion of property, are generally attributed to either 
the culpable ignorance of the attendant or to the 
use of worn-out or badly constructed boilers. The 
subject of granting certificates to engine-drivers and 
placing steam boilers under Government inspection has 
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of late years been moved in the House of Commons on 
several occasions, and although, doubtless, a moderate 
Act would be for the general public good, the question 
seems to have been, at any rate for the present, quietly 
shelved. 

The boiler and all steam pipes should be covered 
with felt or other non-conducting composition, to pre- 
vent radiation of heat or freezing. The composition 
known as Leroy's gives for this purpose satisfactory 
results, but we hear highly spoken of a later introduc- 
tion, known as Toope's patent. This covering is com- 
posed of hair, felting, and paper, which is protected 
from charring by an interior lining of asbestos. It is 
said to be an admirable non-conductor, has absolute 
freedom from cracking, is light and easily fixed or 
removed, and is indestructible at any temperature at 
which steam is used. If it is found to fulfil all these 
conditions, it will, without doubt, be of great value to 
steam-users, as it overcomes several objections to most 
of the boiler coverings now in use, not the least of 
which is that it is entirely free from the crumbling 
action now so often found. 

Before concluding our remarks under this heading 
we should wish to draw our readers' attention to the 
great practical value of the mineral abestos for packing 
steam piston and pump rods, stuffing boxes, &c., and 
when combined with felt it is an excellent covering for 
steam boilers. Although its existence has been known 
for many centuries, it is only during the last few years 
that its valuable properties have been utilised. Asbestos 
of the best quality is found in considerable quantities 
in the Italian Alps; it is fibrous in texture, and is 
capable of being woven or combined with other mate- 
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rial. It also possesses the peculiar property of being 
unaffected by the action of fire, acids, friction, or 
moisture. It can also be used in the form of paste or 
millboard for steam and other joints. It is also very 
well adapted for packing steam fittings, such as cocks 
and water gauges, and we can, from our experience, 
speak in favour of its valuable qualities. Compressed 
wood pulp made up in the form of annular rings for 
glands, and sheets and washers for steam joints, has 
several features to recommend it, notably that the 
joints are easily broken and renewed, that the pulp 
readily retains the lubricating matter employed, and is 
anti-corrosive and will stand superheated steam. For 
glands the packing is usually made in segments of 
the exact size of the stuffing box. 
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CHAPTEE XXX. 

ABBANOEMENT OF SAW MILLS AND ECONOMICAL 
CONVERSION OP TIMBER. 

A SAW MILL being for the purpose of converting crude 
material into articles of commerce and general utility, 
the great point to be aimed at is how to accomplish 
this with the greatest economy and despatch combined 
with quality of production. Saw mills being often 
situated in crowded cities, where space is of great 
value, and where any kind of building has to do duty, 
a set plan for laying out or designing a mill can hardly 
be laid down, but must vary according to circumstances. 
The following hints, however, may not be out of 
place : — 

Where space is obtainable, buildings should be ar- 
ranged with large sliding doors at either end of the 
mill, so that timber may be passed in at one end in the 
rough, and, after being worked through the various 
machincb, passed out at the other as manufactured 
goods. A tramway should run down the centre of the 
mill, and where much heavy timber is worked an over- 
head traveller is necessary. In arranging a mill 
advantage should always be taken of the site with 
reference to land or water carriage of the timber. If 
near a canal or river, the mill should be so arranged 
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that as the timber left the water it should pass directly 
to the heavy machines, such as timber frames or rack 
benches for breaking down ; its further manipulation is 
thus at once made easier. As regards the best shape 
for a mUIy where all ordinary classes of work, such as 
sawing, planing, moulding, &c., are performed we have 
found a rectangular building of a length of about two 
and a half times its width the most suitable shape. 

If an engine and boiler is used to give the motive 
power, it should, if possible, be placed outside the main 
building. If placed inside the builing, it should be 
divided oflF from the rest of the machines. The whole 
of the main shafting should be arranged undt^.rground 
and run transversely across the building ; it should be 
easily get-at-able for lubrication, removal of belts, &c. 
Underground chambers should also be provided for the 
reception of sawdust and shavings. 

If the building is more than 100 feet long, three 
lines of shafting should be used, the last two shafts of 
which can be arranged to run at higher speeds if re- 
quired. We have found a speed of about 250 revolu- 
tions per minute the most suitable for all ordinary 
wood-working operations. The various machines 
should never be crowded together, and if upper floors 
are used light machines with, if possible, a rotary 
motion should be fixed on them, as the constant vi- 
bration from some machines with a reciprocating 
motion has a tendency to damage and displace the 
joists and brick-work unless of very strong section. 
The shafting for an upper floor should be fixed at the 
roof of the ground fioor. Adequate means for hoisting 
timber to this fioor must be taken. A first-rate and 
rapid plan for carrying up deals is to arrange an endless 
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« 
belt, some 9 inches wide and fitted with stop pieces, 

to run at an angle of about 45 degrees from the base- 
ment through a trap door to the floor above ; by this 
means deals, &c., can be carried up as fast as they can 
be placed on the belt. 

With the object of facilitating the conveyance of 
timber from on board ships, barges, or railway trucks 
directly to the various machines to be converted, or to 
the yard to be stacked, without the aid of manual 
labour, Mr. Samuel Boulton, of London, in the year 
1868 took out letters patent. For this purpose the 
inventor proposed to construct in the timber yard and 
saw mill channels, conduits, shoots, troughs, or pipes 
containing water, either open or closed, and either 
sunk in the ground, laid upon or raised above it; 
these channels to lead from the water-side or other 
locality ; the timber to be conveyed into such water 
channels from the vessel by means of endless chains 
or bands provided with dogs. 

When the timber reaches the water channels, it 
can either be pushed along or conveyed by an esta- 
blished water current. Mr. Boulton decribes an 
elaborate arrangement of water channels, &c., designed 
to carry timber to any part of an establishment ; but 
when we consider the numerous drawbacks to the 
scheme — the discoloration, increased risk of cracking 
in the drying, the extra power required in sawing wet 
timber, &c. — we are afraid it cannot be held to be of 
much practical value, at any rate in this country. 

All saw-mill floors, whether ground or otherwise, 
should be made of ample strength to withstand ma- 
chine vibration or any load that may be placed on 
them. The ground floor should be built on piers, and 
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we have found joist floors the best form of flooring to 
use, as from their construction they resist successfully 
any excessive vibration. Where a single first floor is 
used and the bearing exceeds 10 feet, herring-bone 
strutting should be used. 

As regards the most economical coal for the produc- 
tion of steam much has been written. Of course the 
heat evolved from the combustion of diflFerent samples 
of coal differs very considerably, the carbon varying 
from 75° to 95®. We prefer, on the whole, some 
samples of South Wales steam coal we have used to 
any other. 

Sawdust and wood refuse, if mixed with a little tar 
or bituminous coal, makes a very fierce fire, but should be 
used with care, or burnt boiler-plates will be the result. 

Owing to the daily increasing competition in the 
conversion of wood from Norway, Sweden, and even 
America, who export largely to this country manufac- 
tured joinery of all kinds, English makers have at 
present, and will in the future have greater, difficulty 
in successfully holding their own. The success of this 
competition in the case of Norway and Sweden must 
be attributed to the abundance of the crude material 
and the cheapness of labour. This is otherwise as 
regards America, as, although timber is cheaper, wages 
are considerably higher. This can in a measure be ex- 
plained by the much greater facilities offered in America 
to inventors to protect even the smallest improvement 
in the constructional details of labour-saving machinery. 
In this country, on the contrary, owing to the high 
cost of letters patent, a workman has no incentive to 
improve the smaller details of a machine, which tend 
so much to its productive eflSciency, and, unless an idea 
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is strikingly original, invention does not pay. In fact, 
in England brains often have to seek money to carry out 
their ideas, whilst in America money seeks the brains. 
This, however, by the way. ' 

Supposing the mill to be ready for receiving the 
machinery, and the particular branch of wood conver- 
sion or manufacture decided on, the next and very 
important step is to obtain that machinery which is 
best and more especially suited to execute with rapidity 
and economy the work required. The selection of the 
requisite machinery is a matter of the highest im- 
portance, and, unless very judiciously undertaken, an 
investor may find himself saddled with a lot of costly 
and elaborate machinery ill adapted to his wants. 

Care should be taken that the machinery selected 
should combine high-class workmanship and material, 
the greatest amount of productive efficiency with the 
least amount of complication. The so-called * cheap ' 
machinery must be held to be dear at any price, the 
difference in first cost being rapidly «:ounterbalanced by 
constant breakdowns and loss of time, often couplec 
with inferior work. The price of a really high-class, 
labour-saving machine should always be a secondary 
consideration. 

When the necessary machinery is arranged, the 
very important question of how to employ it economi- 
cally and profitably presents itself. As regards thf^ 
labour employed in directing the conversion of wood 
by machinery, the highly skilled and highly paid 
workman is as a rule the cheapest, the first difference 
in cost being soon counterbalanced by an increased 
output from the machine and of better average quality. 
Where a steady and uniform business of a certain class 
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is carried on, we are strongly in favour of piece work. 
Much has been written for and against this systenr, 
but as far as our experience extends a man is rarely or 
never found who will perform the same amount of 
work whilst working by the day or hour as he will 
whilst on piece work. Piece work, which, by the way, 
should never be carried to excess, also encourages dili- 
gence and energy, and the skilful workman thereby 
reaps in wages his just value. Of course in some high 
classes of work it is very difficult to introduce piece 
work with advantage, but for the vast majority of 
wood manufactures it is undoubtedly the true system. 

Of course in piece work workmen have the greatest 
interest in completing work with all possible speed. 
Care must therefore be taken that it is not allowed to 
be * scamped,' and on no account should the quality of 
the finish and detail be sacrificed to quantity of out- 
put. Piece work has also the additional advantage of 
offering a premium to the operator, of keeping his 
machine and tools in constant use and in the highest 
state of efficiency. 

Care should be taken that all machines are set at a 
dead level both horizontally and transversely, and are 
free from excessive vibration when in work, and ade- 
quate means taken for transporting rapidly and with 
little manual labour the required timber. Where many 
saws, either circular or straight, are in use, a machine 
for sharpening should invariably be employed. 

The wood prepared on a saw bench for mouldings 
should always be cut feather-edged or to a bevel, and 
the pieces of wood sawn off worked up into small 
mouldings. It is astonishing even now the number of 
mill-owners who allow their machines to cut mouldings 
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from a square- sided piece of wood, a large percentage 
therefore being entirely wasted. These bevelled pieces 
are easily fed through a moulding machine by substitut- 
ing for the ordinfl.ry parallel feed-rollers narrow rollers, 
with their periphery serrated and sharply bevelled. 
Short driving belts are to be avoided in every way, as 
they simply mean great increase of friction, and conse- 
quent deterioration to belt and bearings, with increased 
difficulty of lubrication. The belting used should be 
uniform in thickness, and kept as pliable as possible, 
and sufficiently wide to prevent over-straining. After 
repeated experiments I can recommend that driving 
belts should be run with their outside or smooth surface 
to the pulley, which is directly contrary to the plan now 
usually pursued, the practice being to run the rough 
or flesh side of the belt on the pulley. I have found 
that if a belt is evenly made, and smooth on its face, it 
bears equally over the whole face of the pulley, and not 
at certain points, as in the rough surface of the flesh 
side of the leather. With a smooth belt the air is 
almost entirely excluded, and the driving power con- 
siderably increased. To produce a smooth and perfect 
surface on the wood when planing, much depends on 
the accuracy with which the knives are sharpened and 
adjusted on the cutter block. A straight-edge oi- 
square should be used to try them at all points. The 
usual plan of trying them on the wood is not, as a rule, 
sufficiently accurate. Bottom cutter-blocks are easily 
adjusted by laying the straight-edge over the opening 
through which the cutters project, and making each 
knife touch exactly at every point the edge of the 
straight-edge. Duplicate sets of tools should be kept 
on hand in case of accidents. Automatic lubrication 

T 
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should be employed wherever possible, and none but 
the best labricants employed for high-speed spindles. 
All open oil-ways should be protected from dust ; the 
bright parts of machines not in use should be coated 
with a mixture of white lead and tallow. At least half 
an hour should be spent at the end of each week in 
thoroughly cleaning the whole of the working parts of 
tbe machines, and the framework should occasionally be 
painted. This not only preserves the iron, adding to 
the appearance of the mill, but encourages the work- 
man to take a pride in the condition of his machine. 
These points are, however, often neglected. 
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CHAPTER XXXI. 

MACHINES FOE ESTATE PURPOSES. 

The use of wood-working machinery is gradually ex- 
tending to that class of work required on country 
estates — viz. the conversion of timber grown on the 
estate into boards, gates, posts and rails, fencing, &c., 
and other articles required in the farm buildings and 
cottages. Even on estates of moderate size — say, above 
one thousand acres — steam can doubtless be employed 
profitably in wood conversion, as, should an engine be 
used — as in these days of high farming is generally the 
case — for preparing cattle food, it can be devoted at 
least one day a week to wood-cutting, and even at this 
rate will pay a fair interest on the very moderate 
outlay necessary. Except on large estates, and where 
skilled men are constantly employed, machines of the 
plainest and simplest kind are to be preferred, as 
joinery and mouldings, &c., can usually be purchased 
cheaper than they can be prepared, at any rate in 
small quantities. The most convenient machine to use 
is a plain circular-saw bench, or one fitted with self- 
acting feed where heavy timber is used. The frame of 
this bench should be on the * box ' principle, and especi- 
ally strong to withstand rough and unskilful usage. The 
saw spindle should be arranged to rise and fall, so that 

T 2 
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the driving pulleys may be lowered below the level of 
the table, so that the whole width of the bench may be 
utilised for cross-cutting posts and rails, fire wood, &c. 
A sliding plate, working in a dovetail groove on the top 
of the bench, running parallel to the saw, and fitted 
with a cramp for securely holding the wood, should be 
employed where much accurate cross-cutting is re- 
quired, such as wood blocks for paving purposes, &c. 

The saw fence or guide should be arranged to turn 
over the end of the bench, out of the way, when not 
required for straight sawing. The saw spindle should 
be bored at one end to receive augers for boring or slot- 
mortising purposes. For estate purposes the addition 
of a mortising table is of great value. This is best 
added by arranging the frame of the bench on one side 
immediately below the saw spindle, with planed strips 
to receive a sliding table or bracket, which can be raised' 
or lowered vertically by a, rack or screw. On this table 
is fitted a slide, arranged with lateral and transverse 
movements, and a cramp holds the wood firmly whilst 
under the action of the mortising tool. The mortises 
are produced by a revolving routing or slot-mortise tool, 
the slide carrying the wood at the same time receiving 
a traverse motion by means of a hand lever. The 
lengths of the required mortises are governed by ad- 
justable stop-pieces, and the transverse movement of 
the slide, which is usually worked by a hand wheel and 
screw, gives the required depths. 

Should a further range of work be required, an ar- 
rangement for cutting tenons, striking mouldings, or 
planing can be added. Except where a permanent saw- 
mill is established, the portable engine is the most 
useful form to employ for estate purposes. 
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CHAPTER XXXII. 

PEAMINGS OP WOOD-WOEKING MACHINES. 

When considering the different classes of machines, 
we have from time to time given hints as to their 
framing and general construction ; but as wood- work- 
ing, unlike most other machinery, is subject to ex- 
cessive and constant strains, it may not be out of 
place to discuss the matter a little more fully. In 
addition to the ordinary strains of tension, pressure, or 
shearing stress, the framings of wood-working machines 
are subject to an especially severe vibrating strain, 
arising from the high speeds, arduous duty, change 
in velocity or direction of motion, which the spindles 
or working parts are subject to. The ordinary rules 
for calculating the elastic or breaking strain of the 
materials employed when designing framing must be 
considerably modified, allowance being made for ex- 
cessive vibration, and in some classes of machines for 
the heavy load, in addition to the ordinary working 
details the framings have to carry. As we have before 
mentioned, for some years the framings of wood- work- 
ing machines were constructed almost entirely of wood, 
the theory being that wood, being elastic, would, more 
readily than iron, absorb the excessive vibration. Prac- 
tical experience has, however, sufficiently disproved this 
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idea, that we will not further discuss it. For all the 
heavier classes of machines, and some of those with a 
reciprocating motion, which in their working have a 
constant jar or vibration, snch as steam mortising 
machines, we prefer the cored or hollow-section framing. 
This form of framing is doubtless higher in first cost, 
and somewhat more difficult to manipulate, but this is 
more than counterbalanced by its increased strength 
and resistance to stress, economy of material in ratio 
to strength, and increased compactness and neatness 
in design. 

Much improvement in machine design has doubtless 
recently been made ; but even now we frequently see 
large quantities of waste material in the framing or 
supporting brackets, which, if not absolutely injurious, 
is of no advantage to the working of the machine, 
whilst other parts, where strength is required and 
where a 'fillet* or fiange in the casting would be of 
value, is left unprotected ; the result is unequal strain, 
excessive vibration, and inferior work. The same re- 
marks apply with increased force where the metal is 
'scamped,* as in the so-called cheap machinery, where 
general efficiency is sacrificed to low first cost. 

Although no absolute rules can be laid down, these 
defects, with a little practical experience, can easily 
be obviated, bearing in mind that the various propor- 
tions should be judiciously distributed, according to the 
strains to be put on them ; that they should be con- 
venient for the founder, and easily manipulated and 
renewable, in the first instance in the workshop, and 
afterwards in the saw mill. As regards the allowance 
to be made in constructing framing, in consequence of 
the constant additional vibrating strain it would vary 
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considerably in different classes of machines. In steam 
mortising machines with a reciprocating motion it 
would be as high as 25 per cent., whilst in band-sawing 
machines, where the strain is chiefly torsional and the 
speed or duty not especially severe, a considerably less 
percentage would be sufficient. In any case the work- 
ing stress of framings should always be considerably 
less than the elastic stress, as the tangential and other 
strains produced by imperfectly balanced working parts, 
unequal or excessive duty, lack of speed, undue friction, 
uneven foundations, or inferior workmanship must not 
be lost sight of. 

Great care should be exercised in the making and 
finish of the wooden patterns used ; inferior woods 
should never be employed. The best yellow pine is 
suitable for the larger patterns, and mahogany for the 
small. Whatever little extra trouble or expense is in- 
curred in making perfect patterns is amply repaid by 
the casting being much improved in symmetry and re- 
quiring less finishing. In machine framings, owing to 
the difficulty of detaining sharp outlines in cast iron, 
the profiles should always be bold and simple in design, 
the edges well rounded, and all hollows, where stability 
and extra steadiness in working is required, should be 
supported by suitable fillets or ribs. 

Complex forms in machine design are in every way 
to be avoided. This may appear a somewhat trite, but 
it is certainly not an unnecessary, remark in these days 
of fierce competition and straining after originality, 
and young engineers may bear in mind with advantage 
the saying of James Watt that * the greatest of all 
prerogatives is simplicity, but more especially when 
applied to machinery.' 
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If iron patterns are nsed, which is advantageous 
when a large number of castings are required, allow- 
ance must be made in the wooden pattern in the first 
instance for the contraction in casting in the subse- 
quent cooling. It is somewhat difficult to determine 
accurately the amount of this contraction, which varies 
according to the size and thickness of the casting, the 
nature of the iron, and the rapidity of cooling ; but for 
framing castings of medium size — say, up to two tons in 
weight — composed of iron of fair quality and cooled 
slowly, a calculation for contraction of about one-eighth 
of an inch per foot in either direction would, we think, 
be safe. The thickness of the metal in machine framings 
should always be as uniform or gradual as possible, so 
that the contraction of the molten iron in cooling may 
be tolerably equal. The sudden changes in a casting 
from thin to thick metal should be avoided, as they 
produce a degree of initial stress which lessens con- 
siderably its strength, strains and twists it out of shape, 
and at times even fractures it. Each part of a machine 
frame or details should, as far as possible, be calculated 
to bear easily the highest amount of straining action of 
whatever kind that is usually put on it whilst perform- 
ing the severest duty of which the machine is capable. 
The exact calculation of these various and somewhat 
complex strains is, however, difficult, and must, after a 
certain point, be left almost entirely to practical ex- 
perience. If motion or load is suddenly applied, the 
stress on both framing and wearing parts is much in- 
creased. This of course is especially noticeable in high- 
speeded machines ; care therefore should be taken that 
the application of the belt or other power for producing 
motion should be very gradual. This is a point, we are 
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afraid, that is often overlooked, but one that adds con- 
siderably to the longevity of a machine. We have 
found the application of a quick-threaded screw for 
starting or stopping belts a simple and effectual method 
of gradually applying this power. 

For machines where the speed is moderate and the 
duty light, framings with ribbed sections have some 
advantages, notably that of cheapness and easy mani- 
pulation ; but on the whole tubular or cored framing, 
with its various modifications, is much to be preferred. 

Care must be taken that the mixture of iron em- 
ployed is of good quality, and produces sound castings 
free from air bubbles or honeycombs. When broken, 
the iron should appear close in the grain and of a 
light bluish-grey colour. Unsound castings, or those 
showing a mottled appearance, should never be em- 
ployed where they may be subject to any considerable 
strain. The surface of the castings should be made as 
clean as possible, any little extra expenditure in this 
direction amply repaying itself in their appearance and 
strength. But how often do we see a pound a ton 
saved in the first cost more than spent in making the 
castings presentable by chipping them over their surface, 
reducing at the same time considerably their resistance 
to stress by removing the outer skin of the iron. By 
casting the iron under pressure much sounder castings 
are produced, but the difficulties and cost of the process 
preclude its use, except for plain and well-defined 
articles and when expense is not of the greatest im- 
portance. Air bubbles or honeycombs may be detected, 
after a little experience, by ringing a hammer over the 
surface of the casting. 

Especial care must be taken in designing the fram- 
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ing of machines with a reciprocating motion, such as 
timber frames, mortising machines, &c., with a view of 
overcoming the excessive vibration. In America the 
main uprights of timber frames of large size are often 
constructed of wood, and attached to or combined with 
the timber supports of the building itself. By these 
means the jar and vibration is in a great degree ab- 
sorbed, and saw frames constructed on this plan are 
found to work with a considerable amount of success. 
They are, however, open to objections for English use, 
and are on the whole somewhat cumbersome and in- 
convenient. Occasionally the heavier saw frames are 
arranged with an air cylinder, or to drive directly from 
a steam cylinder attached to the top of the frame. 
These plans have some advantages, and the vibration in 
working is considerably lessened, the air or steam 
acting as a cushion at each stroke of the swing frame. 
Latterly saw frames arranged with their crank shafts 
to work on a level with the floor lines have been intro- 
duced. This is accomplished by making the vertical 
standards of the frame of unusual solidity, and at- 
taching them and the working parts to a massive bed- 
plate, or, in the case of light bed-frames, casting 
standards and bed plate in one piece. For light frames 
this arrangement is sometimes advantageous, but for 
heavy frames it is not to be recommended, and should 
never be pursued unless, from water or other causes, 
deep foundations cannot be obtained. Under all or- 
dinary circumstances we are much in favour of a frame 
arranged with a pit crank-shaft, and whatever extra 
cost may be incurred in the way of foundations is 
repaid by decrease of vibration, which is absorbed by 
the masonry foundations instead of the mill floor. The 
work turned out is consequently cleaner. 
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In mortising machines with a reciprocating motion 
the base of the main column should be of massive con- 
struction, and the bed plate extended, as the duty in 
heavy machines is very severe. 

With machines working on the rotary principle the 
stress on the framing is less severe ; but very much 
depends in balancing all cutter blocks to the greatest 
nicety, as, should they be only slightly out of truth, 
owing to the immense centrifugal force at work, the 
adverse stress exercised on all parts of the machine is 
very great. All cutter-block spindles too should be 
of sufficient section to obviate all chance of springing 
even under the severest duty, and the spindle bearings 
should never be allowed much ^ play,' or the vibration, 
which is often attributed to weak framings, is much 
increased. 

As regards the design of the spindles and details 
used in the construction of wood- working machinery, 
if wrought iron is used, only that of the best quality 
should be employed, combining strength and toughness. 
This, when the bar is fractured, is shown by the fibres 
of the iron being close and uniform in the grain, free 
from whiteness or crystallisation, and of a bright blue- 
grey colour. The dimensions of spindles should be as 
uniform as possible, avoiding abrupt angles and sudden 
changes of diameter. Where spindles are subject to 
much strain the alteration of diameter should be 
graduated by a curve, or what is known as rounded off, 
as any shock or vibration is thus more evenly dis- 
tributed. For all the smaller diameters of spindles we 
prefer to use Bessemer or other mild steel, and the cost 
is very little in excess of the best wrought iron. It is 
of course rather more difficult to work, but this is 
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repaid by a finer surface being obtainable, as "wrought 
iron is often found seamy, or, by the fibres of the iron 
not running parallel to the length of the bar, the 
abrasion of the surface, and consequent friction on the 
bearings, is much increased. In forging spindles, or 
any parts on which there is great strain, as few * heats ' 
as possible should be taken by the smith, as by 
constant reheatings the strength of the bar is consider- 
ably reduced. Great care also should be taken that 
collars or journals, or any forgings necessitating a 
number of heats, are not burnt, as we have more than 
once, especially in steel spindles, seen them from this 
cause break short off at the angle on receiving only a 
very moderate shock or blow. 
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CHAPTER XXXIII. 

BEARINGS FOR WOOD-WORKING MACHINERY. 

In consequence of the high rate of speed at which it 
is necessary to operate wood- working machinery, the 
proper proportion, construction, and lubrication of the 
bearings — whereby the friction necessarily engendered 
can be reduced to its lowest limits — is a matter of vital 
importance. Much time has been spent by scientific 
men in investigating the theory of friction, and many 
learned treatises written thereon. One of the most valu- 
able of the earlier ones with which we are acquainted 
was written by George Rennie, F.R.S., and published 
in the ^Philosophical Transactions* for 1829. In this 
paper he gives briefly some of the deductions made by 
the earliest writers on this subject, including Amontons, 
who wrote in the year 1669, giving as his opinion that 
friction was not augmented by an increase of surface, 
but only by an increase of pressure, and that the amount 
was the same both with woods and metals when un- 
guents were interposed. He likewise concluded that 
friction increased or diminished with the velocity, and 
varied in the ratio of the weight and pressure of the 
rubbing parts and the time and velocity of their mo- 
tions. Most of the scientific men following Amontons 
agreed with his hypotheses, including De la Hire. Ex- 
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periments as to the theory of friction were also made 
by Vinee and Coulomb in 1784 and 1799. Following 
these, Euler concluded that it depended on the greater 
or less approximation of the asperities of the surface 
brought into contact by pressure, the resistance to 
which he agreed was one-third of the pressure ; of the 
effect of velocities he was uncertain. Muschenbroek 
and others maintained that friction increased with the 
surface. Bossut divided it into two kinds, the first 
being generated by the gliding, and the second by the 
rolling of the surface of one body over another ; he also 
concluded that it was effected by time, but that it fol- 
lowed neither the ratio of the pressure nor of the 
mass. A great number of other scientific men, in- 
cluding Lambert, Parent, Brisson, Camus, Schober, 
Meister, Leibnitz, Varignon, Bemouilli, Ferguson, 
Gregory, Leslie, Bulfinger, Young, &c., early in this 
century wrote on the theories of friction. 

In the year 1784 De Vince made a number of ex- 
periments to determine the law of retardation, together 
with the quantity and the effect of surface on friction. 
He was of opinion that the friction of hard bodies in 
motion was an uniformly retarding force, but not so 
with soft bodies, such as cloth, which produced an in- 
crease of retardation with an increased velocity, and 
also that the quantity of friction amounted to about 
one-fourth the pressure, and that it increased in a less 
ratio than the weight of the body; that when the 
surfaces varied from 1'6] : 1 to 10*06 I 1 the smallest 
surface gave the least friction, and that friction was 
greatly influenced by cohesion. 

A very elaborate series of experiments on the laws 
of friction were undertaken by Coulomb at the instance 
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of the Prencli Academy of Sciences in the year 1799. 
He commences by examining the friction of plane sur- 
faces gliding over each other, and divides it into two 
kinds, the first resulting from time and the second 
from velocity. The first he considers to depend on five 
different causes — (1) the nature of the bodies in con- 
tact ; (2) the extent of surface ; (3) the pressure on 
the surface; (4) the time the surfaces have been in 
contact ; and (5) the state of the atmosphere. He was 
also of the opinion that the friction of wood on wood, 
and metal on metal without unguents, was in propor- 
tion to the pressure, which attained its maximum in a 
few minutes after repose, and that with heterogeneous 
surfaces, such as those of woods and metals gliding over 
each other, the intensity did not attain its limit some- 
times for days. He also concluded that velocities had 
very little influence in augmenting friction except under 
peculiar circumstances. 

In 1801 Mr. Southern, of Soho, made experiments 
on the surfaces of the spindles of grindstones running 
at a high speed, when he decided that, with rubbing 
surfaces moving at the rate of 4 feet per second over a 
length of surface of 1,000 feet, the resistance arising 
from the friction of 3,700 lbs. of load amounted to one- 
fortieth of the weight. 

Mr. George Eennie's experiments on the laws of 
friction were on a very extended and complete scale, 
but our space prevents our giving as lengthened a de- 
scription as we should wish. His deductions, however, 
were as follows : — (1) that the friction of metals varies 
with their hardness ; (2) that the hard metals have less 
friction than the soft ones ; (3) that without unguents, 
and within the limits of 32 lbs. 8 ounces per square 
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inch, tlie friction of hard metals against hard metals 
may be estimated at about one-sixth of the pressure ; 
(4) that within the limits of their abrasion the friction 
of metals is nearly alike. 

For determining the friction of axles Mr. Eennie 
arranged an apparatus consisting of a roller with ac* 
curately turned, movable ends ; these were made of 
three different metals — viz. cast iron, gun metal, and 
yellow brass. The axle ran in bearings, truly bored in 
cast iron, leaving the axle full play. A cord was 
attached to the roller, passed over a pulley carrying 
a scale in which the moving weights were placed. The 
axle projected beyond the bearings, and on this slings 
were hung, and carried the scale which held the weights 
vnth which the axle was loaded. The rope pulley was 
made very sensitive, and the descent of the body was only 
4i\ inches. From experiments made with this apparatus, 
it appeared when no unguents were employed, and when 
the gun metal was loaded with variable weights from 
1 to 10 cwt., the friction varied within the limits of ^ 
and l^ of the pressure ; that the diminution of friction 
by unguents depends upon the weight and the unguents 
conjointly. 

Rennie also made a series of experiments on the 
amount of friction as depending on velocity. From these 
experiments he concluded that friction did not increase 
with an increase of velocity. Since Ronnie's a number 
of excellent treatises on the laws and coefficients of 
friction have been published, notably by Morin, 
Welkner, Bokelberg, and others, and most of Ronnie's 
deductions have been upheld; and although his ex- 
periments were made some fifty years since, they are 
of much practical value to engineers of the present 
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day. Joule and Thompson divide friction briefly into 
two kinds — sliding and rolling — and maintain that the 
quantity of frictional heat evolved is exactly sufficient 
to reproduce the effort caused in overcoming the friction. 
As most of the more modem treatises on friction are 
doubtless known to many readers, I shall pass them 
with a casual reference only. 

Bearings for wood-working machinery are usually 
made of cylindrical form, but sometimes conical or 
spherical, and to ensure coolness in working and durabi- 
lity, owing to the excessive friction engendered, they 
should be of special proportions. No hard and fast 
rule for calculating the length and diameters of bearings 
of wood-working machinery can well be laid down, 
owing to the difficulty of calculating exactly the amount 
of friction. Bokelberg gives the coefficients of fric- 
tion as 0*0028 for small loads and low velocities, and 
0*013 for heavy loads and high velocities. Of course 
these coefficients must differ according to the condition 
of the bearings and the lubrication of the metal em- 
ployed. Morin gives 0*05 to 0*07 as the coefficient for 
well-lubricated bearings, whilst, according to experi- 
ments made by Kirchweger on railway axles, the co- 
efficient of friction of wrought iron on gun metal is 
found to be 0*014, whilst wrought iron on white metal 
is set down as 0*009 to 0*01. Whichever calculations 
are most correct, owing to the varying and special 
conditions under which the bearings of high-speeded 
machinery are employed, practical experience must of 
necessity be the chief guide as to their correct propor- 
tions, of course bearing in mind also what pressure and 
straining forces they are likely to be subject to. In 
America as a rule engineei*s make their spindles much 
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smaller and their bearings longer than is the practice 
in this country. We are not aware, however, on what 
data their calculations as to proportions are based. 
To ensure durability and small friction to bearings 
which support spindles running at high speeds, a con- 
siderable amount of bearing surface is necessary. To 
secure this it is better to extend the bearing in length 
than increase its diameter. In calculating the correct 
proportions of bearings, the kind of metal employed, 
the action to which it is subject, and the mode of 
lubrication are points, in addition to the pressure and 
straining forces, before alluded to, that must not be lost 
sight of. As regards the length of bearings for high- 
speeded machinery, from three to four diameters may 
be taken as a safe criterion for spindles that are con- 
stantly running at speeds, say, up to 5,000 revolutions 
per minute ; above that speed the length of the bearing 
can be increased, say, one or one and a half diameter 
with advantage ; for spindles that only work occasionally 
and at a slower speed they may be made shorter, and 
the spindles of less diameter for a given duty, the 
friction in consequence being reduced. Various me- 
chanical arrangements for reducing friction have been 
tried, but, as a rule, with little success. In the year 
1845 Mr. John Blyth, of London, patented a plan for 
preventing the heating of bearings by means of cold 
water. The bearings were constructed with a hollow 
cavity in the shell, through which a stream of cold ' 
water was passed, and in the case of bearings which 
moved round an external axis, as in connecting rods, 
flexible pipes were used to conduct the water. A Mr. 
Coles, of London, soon after this invented a system of 
anti-friction bearings, in which, in place of the rubbing 
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action of the spindle, he substituted the rolling action 
of detached pulleys. A Mr. Mallett, of Dublin, also 
patented a scheme for reducing friction. In the place 
of pulleys, however, he substituted a set of rollers of 
small diameter, which were confined in a box directly 
surrounding the bearings. None of these plans, how- 
ever, came into use. 

The idea of reducing friction by rolling bearings is 
not by any means new. On several American railways 
some of the most recent rolling stock has been fitted 
with steel axles revolving on some sixty hardened steel 
rolls, so arranged that no two rolls are in line with 
each other. These are enclosed in a box lined with 
hardened steel, and receive the whole of the friction of 
the axle ; they are worked without lubricants, and are 
reported to reduce the friction in a very marked degree 
even when heavily loaded. Elliptical or egg-shaped 
rollers have also been tried. These are either mounted 
on spindles or, where single sets of rollers only are used, 
the ends of the rollers are turned to act as such ; where 
more than one roller in the same line is used a washer 
is placed between each one. The whole set of rollers 
are at liberty to revolve round the shaft and plummer 
block, which is lined with hard metal. 

In this country the materials used for the bearings 
of high-speeded machinery are almost and entirely 
confined to gun metal, occasionally white metal alloys, 
and an alloy of later introduction known as phosphor 
bronze. If gun metal is used it should contain sufiBcient 
admixture of tin to produce a certain amount of hard- 
ness ; about 18 parts of tin to 82 of copper is a suitable 
proportion. The bearings should be cast in chills, as 
rapid cooling is found to give a kind of * skin ' to the 
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surface, improve the metal in tougliness, and its wearing 
power is increased. The alloy * phosphor bronze ' is 
found to possess in a marked degree strength, tough- 
ness, and durability. It is a combination of copper, 
tin, and phosphorus, which can be so regulated that 
castings as hard as steel or as tough as wrought iron can 
be produced, as circumstances may require. The fluidity , 
of this alloy is very great, producing castings of perfect 
soundness and very fine in the grain. The writer some 
few years back introduced it into the bearings of grind- 
ing and disintegrating mills with spindles making some 
3,500 revolutions per minute, and, although the duty 
was severe, after six months* use the wear was scarcely 
perceptible. The lubricant used was lard oil. From 
experiments it has been proved to have a tenacity of 
22 tons per square inch in the softer alloys to 33 tons 
in the hardest ; the elastic limit of the former is about 
5 tons, and the latter 25 tons. The soft alloy stretches 
30 per cent, before fracture, and the hardest not more 
than 4 per cent. Samples of unannealed wire of 16 
B.W.G. broke at from 102 tons per square inch to 
151 tons, and when annealed at 48 to 74 tons per 
square inch. It is also stated that a bar of phosphor 
bronze has resisted without rupture over 2^ million 
twists at a strain of 12 tons. 

In the International Exhibition, 1878, at Paris, a 
number of bearings, slide valves, piston rings, pinions, 
&c., made of phosphor bronze were exhibited. These 
had been tried under varying conditions, and in some 
cases in competition with gun metal, and the results 
were vastly in favour of phosphor bronze. We espe- 
cially noticed a set of gun-metal and phosphor-bronze 
bearings that were used side by side in crushing rolls, 
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working at 120 revolutions per minute, each roll having 
a pressure of 2^ tons. These bearings were at work a 
year and nine months night and day, and when re- 
moved the wear on the phosphor bronze was very 
small indeed, whilst the gun metal was entirely worn 
through. Notwithstanding that phosphor bronze is 
more costly and somewhat more difficult to manipulate, 
it must be considered a most valuable alloy, not only 
for bearings but for bolts, pins, &c., where great tensile 
strength is required. 

An alloy for bearings, composed of tin and phos- 
phorus, has recently been introduced on the Continent, 
It is claimed for it that it is easily fusible, melts at 
380° C. (626° F.), does not heat, and therefore requires 
little lubrication. Its shrinkage is little and it is un- 
afiPected by acids. If it is found to fulfil all these 
conditions it should be of considerable value for some 
classes of moulded bearings. 

In direct contrast to English practice, American 
engineers almost invariably make or line the bearings 
of their wood- working machinery with a soft alloy, such 
as Babbitt metal or Parson's white brass. These alloys 
are melted and moulded or poured round the spindles 
which have to run in them. Considerable care has to be 
exercised in this operation, and the spindle set to a dead 
level. The metal should not be over hot, and both sides 
of the bearing should be poured at the same time. The 
bearing should then be scraped and the spindle * bedded' 
in the usual manner. A large number of white metal 
alloys have been introduced during the last thirty 
years by Grafton, Vaucher, Parsons, Jones, Lechesne, 
and others. Lechesne patented an alloy in which he 
used cadmium in combination with other metals. The 
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formulaB were as follows : — Copper, 650 parts ; nickel, 
275 parts ; cadmiam, zinc, and tin, 25 parts. Cadmium 
is malleable and fuses at a low heat, but volatilises 
rapidly, and considerable difficulty is experienced in 
combining it with other metals ; but, from its nature, 
we should imagine it would produce a fine surface on 
the bearing, and consequently reduce friction. The 
alloy most popular in America is known as Babbitt 
metal, which is a misnomer, as the invention of Mr. 
Isaac Babbitt, which was patented in America some 
forty years ago, consisted in constructing the bearing 
with a lip around the edge of the soft metal, to prevent 
it running out, and not in any mixture of metals. In 
addition to Babbitt's, diflferent forms of bearings have 
been introduced in America by Rice, Goodman, and 
others. As Goodman's invention, introduced in 1855, 
is somewhat novel and departs from the beaten track, it 
deserves more than a passing notice. The novelty in 
this bearing consisted in the substitution of a bearing 
surface of some vegetable substance, such as hemp, 
saturated with a mixture of tallow, sulphur, and black- 
lead. The bearings were made of cast iron, and a 
series of ribs extended longitudinally the whole length 
of the bearing. The space between these ribs was fitted 
tightly with either hemp, flax, wool, cotton, or shavings 
of leather. The durability of the material employed 
seems to have been established ; but, either from its 
resistance to motion and the extra power therefore 
required to drive, or from some other cause, it seems 
never to have come much into use. As regards white 
metal alloys for bearings of high-speeded machinery, 
after considerable experience we cannot speak in their 
favour ; there may be less friction in their use, and they 
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may be somewhat cheaper in their first cost, but, as 
they require constant renewals, anything gained in this 
way is soon lost. For spindles running at moderate 
speeds and without a heavy load or strain they doubt- 
less possess some advantages, either when used as linings 
or as solid bearings ; but for high speeds and energetic 
friction they cannot be recommended. 

All the chief bearings of high-speeded machines 
should be made adjustable for wear. This is especially 
important where there is a great * pull ' on the spindle. 
This compensation is easily secured by dividing the 
bearing vertically and at unequal distances, and fitting 
set screws through the sides of the journal. Arrange- 
ments should also be made for taking up the end play of 
the spindle. Prom the high speed and the dust and 
grit floating about in saw mills, the bearings of wood- 
working machinery, unless well fitted and well looked 
after, are especially liable to ^ fire ' or ^ seize.' If this 
should be the case, they should be at once taken out 
and the faces of the bearing let closer together, the 
abrasions being removed by a * scraper * and the bear- 
ings accurately rebedded on the spindle. Should this 
not be done, considerable trouble will be found in keep- 
ing it running even with excessive lubrication. Very 
great care should always be exercised in fitting bear- 
ings, the spindles being bedded with red lead and the 
bearings scraped till the spindle runs easily at a dead 
level ; they should not fit the spindle too tight nor yet 
too loose. In the lightest class of high-speeded spindles 
centre bearings with end adjustments have some ad- 
vantages, but for the general range of machines we 
think the ordinary parallel cylindrical bearings, taking 
everything into consideration, ate to be preferred to 
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any other form. When cheapness of production is 
essential we can strongly recommend the nse of cast 
iron for bearings, as a steel spindle revolving on sound 
cast iron of not too hard a texture is found to produce 
a fine surface. 

For bearings such as those used in machines with a 
reciprocating motion, that are difficult, from dust or 
other causes, to keep lubricated, some kinds of wood, 
although little used in this country, have many advan- 
tages. Lignum vitro, box, and pear-tree woods are 
suitable for this purpose ; but all resinous woods are 
unsuitable. All bearings should be guarded from dust 
as much as possible, and very efficient lubrication 
secured. This in connecting-rod and some other bear- 
ings subject to excessive fiiction is often a matter of 
some little dfficulty. We have found a brass needle 
lubricator, consti'ucted on what is known as Lieuvain's 
patent, tolerably effective for ordinaiy purposes ; but 
where the friction is great an additional tallow cup 
should be provided, the tallow in which would melt in 
case of the bearing heating. For metal rubbing on 
wood, water is found to be an excellent lubricant. Sul- 
phur, blacklead, or plumbago reduced to a fine powder 
and mixed with the oil or tallow applied to the bearing 
is found to retain the lubricative qualities of the oil, and 
reduces the friction considerably. We have recently 
heard soap-stone very highly spoken of as a lubricant 
for high-speeded spindles. It is first reduced to a very 
fine powder, and washed to remove all gritty particles ; 
it is then stirred in diluted muriatic acid, to dissolve any 
traces of iron it may contain. The powder is then re- 
washed in water to remove the acid, dried, and mixed 
with oils or fats in the proportion of about 25 per cent. 
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for light macHnery to about 40 per cent, for heavy 
machinery running at a somewhat slower speed. It is 
said to retain well the oleaginous properties of the 
lubricant, and to produce a very fine surface on the 
bearing. We have found pure sperm and olive oils 
very fine lubricants, but their cost in a degree precludes 
their use, except for light spindles. An antifriction 
grease composed of hog's lard, guttapercha, and pow- 
dered blacklead is much used in the United States. 
All fat oils should be stored in a moderate temperature. 
If exposed to much heat they are found to decompose 
and lose their oleaginous properties. We have also 
used pure castor oil with very considerable success, as 
it is free from acid, does not clog, and, owing to its 
clinging properties, does not run out of the bearing. 
Self-oiling bearings of various kinds have been pa- 
tented and introduced, with more or less success. One 
of American origin, patented in 1865 and made by 
J. A. Fay and Co. and other firms, is especially adapted 
for circular-saw spindles. The two pedestals are cast at 
either end of a bracket, which is furnished with oil 
chambers, connected together by a recess extending 
diagonally. The oil is conducted from the chamber to 
the bearings by means of cotton wick or felt, which is 
fitted in the before-mentioned recess, and, after passing 
through the bearing, works its way back to the cham- 
bers. The oil is thus kept in constant circulation. 

The spindles used in high-speeded machinery should 
be made of the soundest material possible, as, no 
matter how well constructed and lubricated bearings 
may be, if the spindles are seamy the friction is much in- 
creased, and considerable difficulty is found in keeping 
them running. All cutter blocks and pulleys should be 
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accurately balanced. They should never be worked at 
short centres ; and all driving belts should be of ample 
width; the transverse strain, which is so destructive 
to bearings, is thus minimised, and the cost of belting 
and lubrication reduced. Steel is to be recommended 
for spindles in preference to iron, on account of its 
homogeneity and rigidness. By its use the diameter 
of the spindles can also be reduced considerably — saj, 
about one-fourth. 

In machines whose cutter blocks have only one 
bearing immediately supporting it, such as overhung- 
cutter moulding machines, vertical-spindle shaping 
machines, &c., the superior rigidity of steel is especially 
valuable, as, should the spindles spring from the exces- 
sive pressure which they are sometimes subject to, the 
bearings are rapidly destroyed and the work turned 
out is of an inferior description. 

* Footstep ' bearings, or those on which the lower ends 
of a vertical spindle rest, are usually solid, a cup- or 
obtuse V-shaped recess being turned in one end of 
the bush in which the spindle revolves; sometimes, 
however, conical bearings are substituted. In either 
case these bearings should have both lateral and verti- 
cal adjustments; and, as the dust made in working 
necessarily absorbs much of the lubricating matter, a 
recess for oil having direct communication with the 
bearing surface should be formed in the pedestal in 
which the bearing is fitted. Should a bearing become 
heated or * seize,' pour cold water on it till thoroughly 
cool. This heating often occurs with new bearings, and 
may arise from several causes — viz. want of lubrication, 
the bearing or spindle being out of truth or badly 
fitted, from a ^ seamy' spindle or the bearing being 
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screwed down too tight. Should the bearing be much 
abraded by the friction, it will be necessary to remove 
the spindle and * scrape ' the bearing before restarting. 
The level of the spindle should be tried, and the bear- 
ings well lubricated ; the cap screwed down lightly, 
and the spindle worked for a short time without per- 
forming any duty. 

If conical bearings are used care must be taken 
that the spindles are allowed no end play. This can 
be secured by fitting a steel pin, screwed at its own 
end and passed through the end of the bearing till it 
touches the end of the revolving spindle. The steel 
pin can be set up by a nut, and the end nearest the 
spindle should be of somewhat smaller diameter, and 
a flat filed on its side, which will form an efBcient oil- 
way. 

In practice it is often found more diflScult to keep 
bearings well lubricated that are subject to constant 
and great pressure than those which carry spindles re- 
volving at high speeds, as, from the weight of the load, 
after running a short time their unguents are expelled 
from the bearings unless especial provision is made. 
For this class of bearings unguents with a metallic 
base, such as plumbago, are found the most efficient. 
A dry metallic composition has recently been intro- 
duced for lubricating purposes ; it is made in the form 
of small cylindrical plugs and inserted in holes made 
in the solid bearings or surfaces requiring lubricating. 
It is reported to bear a temperature of 460° Fahr. 
It is known as ^metaline,' but we cannot from our 
own experience speak as to its value. 
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CHAPTER XXXIV. 

XACHD^ FOUXDATIOSTS. 

The proper fixing on adequate foundations has mnch 
to do with the satis&ctory performance of wood-work- 
ing machinerj. In the case of machines working on 
the rotary principle little difficulty is experienced as 
regards foundations, the stress being as a rule easily 
absorbed by well-apportioned framing — that is, on the 
assumption that the working parts are all truly balanced 
and fitted. With machines with a reciprocating action, 
however, it is different ; considerable difficulty is some- 
times found in arranging them to operate with a mini- 
mum of vibration. 

Conditions sometimes arise in consequence of proxi- 
mity to tidal rivers, or on undrained land, where, before 
a machine requiring a deep foundation can be fixed, 
especial means miist be taken to get, in the first in- 
stance, a solid basis. Where the water is very trouble- 
some and difficult to get rid of, and where the weight to 
be supported and vibration to be absorbed are consider- 
able, as in the heaviest class of log-sawing frames, we 
have found a series of English elm piles to make the 
most durable and satisfactory foundation. The distance 
apart, and the depth they should be driven, must depend 
on the action of the machine, the weight of the load. 
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and the nature of the soil. The tops of the piles 
should be sawn ofiF level, and sleepers or planks fixed 
transversely on the top of them. This will make a safe 
and lasting foundation. The piles and sleepers should 
be creosoted. Ifc is also advisable that the machine 
should be fixed on an extended bed-plate of .extra 
massive section. When the ground is moist only, and 
much concrete is unnecessary, a good plan is to ram 
the substratum firm, and cover with a layer of broken 
stone or slag to about 6 inches in depth. Into this 
layer pour melted asphalt. This, when cold, binds 
together in one solid mass, prevents damp, and gives 
a strong foundation for the subsequent masonry. 

To reduce the depth and lessen the cost of exca- 
vations, saw frames should be connected to the crank 
shaft by two rods, one on either side of the frame. 
The vibration is also reduced considerably by counter- 
balancing the reciprocating parts, and by arranging the 
crank shaft as near the base of the machine as possible ; 
with saw frames a fly wheel or wheels is found to 
add considerably to their steadiness in working. If 
the saw frame is fixed on masonry, we have found the 
vibration considerably lessened by the introduction of a 
sheet of lead or a thin piece of hard wood between the 
base of the machine and crank-shaft plummor-blocks 
and the masonry. As regards the masonry employed, 
stone is of course stronger and more solid, and offers 
a better resistance to vibration, than any other, but 
its greatly increased cost is somewhat of a bar to its 
general adoption for all classes of machinery. The 
strength of a stone foundation depends in a great mea- 
sure on the quality of the stone employed, and also that 
the size and shape of the blocks used are in proportion 
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to the strength of the stone. The mortar, too, used for 
this purpose should be of the very first quality, and the 
stones accurately dressed. If the dressing is badly 
done, and the pressure is unequal and severe, they are 
liable to fracture. Some classes of stone can safely be 
employed for machine foundation in blocks of almost 
any size, but in others the sizes of the blocks should 
be proportional. A safe rule is to make the length of 
the block, say, about three times the thickness, and the 
width one and a half times ; blocks of long dimensions 
in proportion to their thickness should never be used^ 
as with heavy machines with a reciprocating motion, 
with a positive stroke or dead blow, the risk of breakage 
is considerable. Care must be taken that the masonry 
is accurately levelled, and set as near perpendicular to 
the direction of the stress or pressure as possible. The 
top blocks of stone should be cramped together, and 
the joints filled in with molten lead. The horizontal 
mortar joints should be from i to f inch in thickness, ' 
and the vertical joints about -^ inch. These various 
precautions may appear to some to be slightly unneces- 
sary, but, as excessive vibration and stress is in a great 
measure overcome by the weight and solidity of the 
foundation, the framing of the machine being as far 
as possible combined with and, so to speak, made in- 
tegral with the foundation, this can hardly be so. Ths 
quality of the work turned out and the longevity of 
the machine depend also more on the stability of the 
foundations than is generally imagined. The founda- 
tion bolts should be of strong section, and the plates of 
ample area. The bolts should pass entirely through the 
masonry, and we have found there is less liability to 
fracture or work loose by any sudden strain by inter- 
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vening a piece of hard wood between the plates and the 
masonry. Wood-working machines with a recipro- 
cating motion should never be placed on a wooden 
floor, except those of the very lightest class, and even 
these should be accurately balanced. In constructing 
machines with a reciprocating motion it may be taken 
as a safe rule that the machine framing and foundations 
should be made as solid and stable as possible, whilst 
the reciprocating parts should combine strength with 
lightness. In machines with a rotary motion and the 
straining forces acting horizontally to the axis of motion, 
brick-work or timber foundations are usually sufficient, 
but for the heaviest class of machines, such as rack-saw 
benches or planing machines, if the earth foundations 
are at all unsound, concrete or rubble masonry are to 
be preferred ; but for all kinds of foundation where 
great strength and solidity are required ashlar masonry 
is undoubtedly the best, and we are of opinion that any 
reasonable extra cost incurred in the shape of perfect 
foundations for high-speeded machines is more than 
repaid by increased steadiness in working and conse- 
quent improved quality of output. As a rule of course 
inferior production in machines with a rotary motion is 
directly traceable to loose bearings, weak spindles or 
insecure bearings, improperly sharpened cutters or un- 
balanced cutter blocks ; but it cannot be denied that, 
in the first instance, weak or insecure foundations con- 
tribute largely, through imperfectly absorbing the stress 
or vibration, to bring about some of these results, espe- 
cially in machines with their framings put together in 
sections. If brick-work foundations are used, care 
should be taken that the bricks employed are hard 
and well burnt, and Portland or Eoman cement only 
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should be used. This is especially necessary in damp 
situations, as some classes of bricks are found to absorb 
a considerable amount of moisture, and this, combined 
with unequal settling, destroys the rigidity and stability 
of the masonry. 
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CHAPTER XXXV. 

SHAFTING AND GEARING. 

In order to ensure the economic transmission of power 
by means of line shafting from the motor to the 
various machines, the whole of the shafting should be 
accurately turned and fitted at a dead level, in bear- 
ings having both vertical and lateral adjustment, and 
provided with efBcient means of lubrication. All pulleys 
should be turned, rounded somewhat on face, and per- 
fectly balanced. The shafting should be speeded to 
make not less than 250 revolutions per minute, and all 
pulleys therefore should be accurately proportioned and 
all superfluous weight of metal avoided. 

We are afraid many of these points do not receive 
in this country the attention they deserve, which is 
in striking contrast to American practice, which has 
worked out and brought them to a considerable degree 
of perfection. 

Shafts for transmitting power to different parts of 
a building were at one time constructed of wood or 
cast iron ; these, however, have given way to wrought 
iron, or in some cases to Bessemer steel, which in 
shafts of small diameter has the advantage of addi- 
tional stiflness. Line shafting is subjected to con- 
siderable torsional and bending strains, but more espe- 
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ciallj in saw mills, where the speed, nnmber of pulleys, 
and belt tension is excessive. This should be borne in 
mind when calculating the diameter of the shafting and 
the centres of the beariogs to be employed. 

In arranging shafting for a mill, the first length, 
which receives the power from the prime mover, should 
be of greater diameter than the remainder, and the 
bearings placed closer together — say, five or six feet 
apart, whilst eight or nine feet apart on the ordinary 
shafting will be sufficient. To prevent end play, a 
collar should be fitted against the bearings at either 
end of the shaft. The driving pulleys on which there 
is the greatest strain should be placed as near the 
bearings as possible, to avoid any chance of the shaft 
springing, should any undue strain be put upon it. 

In calculating the diameter of a shaft it will be 
found much better to err on the side of strength, as, 
should a shaft spring from insufficiency of size, the 
money lost in stoppages, lining up, &c., wotdd in a very 
short period pay for the difiference in first cost. 

In coupling lengths of shafting the plan of using 
a solid sleeve or box of metal keyed to the shaft is still 
generally adhered to in this country, for what reason 
we are at a loss to see, as it is both clumsy and incon- 
venient. 

A very light and convenient form of coupling, much 
used in the United States, is known as the double- 
cone vice coupling, originally introduced and pa- 
tented, we believe, by Messrs. William Sellers and Co., 
of Philadelphia. It consists of a cylindrical barrel, 
which couples tbe shafts. The inside of this barrel is 
turned to a double conical form; between the barrel 
and the shaft are fitted two sleeves, the outsides of 
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which are conical and fit the box, and the insides are 
bored to fit the shaft. These sleeves are cut completely 
through on one side, and are made to close concentri- 
cally upon the shaft by means of three square bolts 
fitted in slots cut into the sleeves and barrel, and 
running parallel to the shaft. These couplings have 
the additional advantage of being easily uncoupled in 
the centre of a shaft for placing or removing pulleys, 
without the great trouble of drifting keys, as in the 
ordinary box coupling. 

All bearings should have a perfectly rigid seat and 
be well lubricated. Various plans of self-lubrication 
have been tried, with more or less success. Where 
belts have to be run at high speeds, especially when 
over small pulleys and at short centres, a great loss of 
power, increased friction, and consequent deterioration 
of belts is occasioned by the belts slipping on the face 
of the pulley. To obviate this powdered resin and 
various other substances are used to increase the grip 
of the belt, but these have the disadvantage of having 
to be constantly applied and at the same time destroy 
the belt. We have seen recently in use a peculiarly 
prepared paper, which is cut into strips the width of 
the face of the puUoy and several layers cemented on 
together. On the pulley of a dynamo-electric machine 
on which we saw it tried, the belt ran truer than on 
a plain pulley, and the contact of the belt was more 
uniform ; a steadier light was consequently produced. 
We think altogether the plan of covering pulley-faces 
with paper, to prevent slipping of belts, is so far suc- 
cessful that it is deserving of further and more extended 
experiments under varying conditions to determine fully 

X 2 
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its merits, and the exact gain, if possible, in power, 
motion, and in loss of friction, accruing from its use. 

A flat endless band of indiambber and canvas, the 
face nearest the pullej being unvalcanised, can also be 
used with advantage for increasing the gripping power 
of the belt. It should be made of less radius than the 
pulley — say, about one inch to the foot — stretched on 
to it as tight as possible, and cemented. 

With a view of reducing friction and economising 
oil, Mr, A. Barclay, of Kilmarnock, in 1854 invented 
and patented an improved journal and bearing for hori- 
zontal shafts, in which the oil would be repeatedly re- 
used. This was carried out by forming the bearings to 
extend considerably beyond the collars of the journal ; 
the extended ends of the bearings were hollowed out 
internally to form oil cups ; the oil, supplied from the 
top in the usual way, passed over the frictional surfaces, 
and was caught in the annular cups. The oil was 
re-used by means of the bearing collars, which, as they 
revolved, caught it up and carried it to the top bearing, 
part of the inner faces of which were inclined upwards 
towards the cenbre, leaving a way for the oil, which was 
thus redistributed over the rubbing surfaces. Many 
modifications of this plan of lubrication have been 
tried. One journal, patented by Mohler, has a bottom 
bearing only, which is divided into two parts by a collar 
on the spindle ; the lower part of the journal is made 
hollow, and forms a reservoir for the oil, into which 
the collar dips, and as it revolves it re-distributes 
the oil to the bearing on either side. There are objec- 
tions, however, to this plan of lubrication, as, after the 
oil has been used some time, it is found to absorb an 
excess of oxygen, which renders it comparatively use- 
less. 
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A self-lubricating bearing of some novelty was 
patented as recently as 1878 by Messrs. Chapman and 
Sutton, of London. In theii? invention the bearing block 
is recessed to form an oil chamber. A narrow roller is 
mounted in this recess, having its lower part immersed 
in the oil and its upper part in contact with the shaft 
through an opening cut in the bearing. When the 
shaft revolves the smaller roller revolves also, thus con- 
stantly bringing the oil from the chamber to the shaft 
as long as the motion continues ; when the shaft stops 
the lubrication ceases. The oil, after being used on the 
bearing, is received in a channel and conducted back 
to the oil chamber for re-using. 

Main driving pulleys which transmit a large amount 
of power should be of extra strong section, and in some 
cases should be constructed with double arms. All loose 
pulleys should be bushed with gun metal and kept well 
lubricated. The boss of the loose pulley should be at 
least twice the length of the fast. As regards lubrica- 
tion, we have seen many plans, but nothing better than 
the old-fashioned one of drilling a hole through the 
rim of pulley and boss, and fitting into it a piece of gas 
piping, which is tapped at its top end, and a flat-headed 
screw let; in flush vvith the periphery. Constant care 
must be given to loose pulleys, or considerable trouble 
will be found in keeping them in order. Pulleys made of 
wrought iron have come somewhat extensively into use 
of late years ; they possess the advantage of lightness 
and strength and are easily fixed. To obviate the con- 
stant tension of the belt a Mr. Streit patented in 1877 
an arrangement of making the fast and loose pulleys of 
varying diameters, the loose pulley being made of less 
diameter than the fast. The belt is relieved from all 
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strain whilst running on it, and the friction on the 
shaft is reduced to a minimum, being that only engen- 
dered bj the weight of the belt. The belt also has 
time to recover its elasticity, and therefore wears 
longer, as it is found in practice that when a belt once 
reaches the limits of its elasticity it very rapidly de- 
teriorates. The plan of using fast and loose pulleys 
of varying diameters cannot, however, be considered 
altogether novel. In stopping and starting high-speeded 
machines care should be taken that the belt is passed 
from the loose to the tight pulley very gradually by 
means of a screw or some similar method, as the shock 
occasioned by starting a heavy machine suddenly is 
very considerable, and is decidedly detrimental to the 
working parts of the machine. 

In place of the old-fashioned form of clutch coup- 
ling, which is open to many objections, we can confi- 
dently recommend the employment of a friction band ; 
it can be applied to pulleys round the boss of the wheel, 
the pulley in the first place being fitted on a flanged 
bush or sleeve keyed to the shaft. The friction band 
is split, and fitted with a bolt having a cam-shaped 
head, which engages with another cam on the friction 
band ; a curved lever is attached to this bolt, and is en- 
gaged by a cone on the shaft ; the cone is grooved and 
worked by a shifting lever, and when moved towards 
the pulley the friction band is contracted round the 
boss of the wheel and carried round with the shaft, or 
vice versa. 

As regards toothed gearing for transmitting motion, 
^ve need hardly say it should be constructed on true 
mathematical principles, and especial care should be 
taken that the wheels are moulded very accurately and 
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the right amount of taper given to the teeth. From bad 
moulding, warping of pattern, or carelessness in ma- 
chine moulding, a large number of the toothed wheels 
turned out are very inferior. The teeth are often allowed 
to bear on each other on one side, and being usually 
made of cast iron, constant breakages are the result of 
any sudden strain. In practice we have found machine- 
moulded wheels to be the most accurate. For inter- 
mediate pinions or wheels where great strength is 
required the teeth are often cut from the solid by a 
machine, but the great extra cost precludes their use 
except for special purposes. Where the friction is 
very great we have found wheels made of phosphor 
bronze very advantageous, and in the end economical. 
A mild cast-steel wheel also gives very good results ; 
malleable cast iron, although found to vary considerably 
in its quality and fibre, and consequent resistance to 
stress, is much to be preferred to ordinary cast iron. 
In small wheels and pinions where additional strength 
is necessary the teeth should be * shrouded ' — that is, 
the teeth are all joined together by a rim of metal at 
their outside periphery, which will add to their strength 
some 40 per cent, or more. When large power has to 
be conveyed directly from one shaft to another in close 
proximity, mortise or cog wheels can be used with ad- 
vantage if the speed required is not too great. Wooden 
cogs should be about one-third thicker than the iron 
teeth of the wheel with which they are engaged ; they 
should be made somewhat shorter and thicker at the 
root of the tooth than ordinary wheels. Care should, 
however, be observed in shortening the teeth that the 
>arc of their contact is not too much reduced. In prac- 
tice involute teeth are found stronger than cycloidal. 
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The shorter teeth are in moderation, and the thicl^er 
they are at the root the more stress they will bear. In 
cycloidal teeth it may be taken as a safe rule that tlie 
flanks of the teeth should never be described with, a 
rolling circle the diameter of which is greater than 
half the diameter of the pitch line inside which it is 
rolled, and it is found that the smaller the diameter of 
the describing circle used for the flanks the stronger 
the teeth are. For high-speeded machinery, where the 
stress and friction are excessive, toothed wheels should 
be made about one-third wider on the face than for 
slow-running machinery; so that the contact of the 
teeth may be spread over a considerable surface, ena- 
bling them to resist successfully the increased stress. 
Care should be taken, however, that the teeth are not 
allowed to slide one against the other. All toothed 
wheels — say, under 18 inches diameter — where the 
stress is very severe, such as the intermediate feed gear 
of planing and moulding machines, we recommend to be 
made solid. We ourselves have used phosphor bronze 
for this purpose, and have found the vibration lessened 
and consequent wear of the wheel much improved. In 
America with machines of this class it is the practice 
to make the intermediate gear to work expansively, 
thus allowing the upper feed rollers to adapt themselves 
to the irregularity of the timber. This plan lessens the 
strain considerably, and is a decided improvement on 
fixed gearing. In comparing belt with toothed gearing 
for transmitting power, the balance, except under 
especial circumstances, is in favour of the former, as 
belt gear requires less motive power to transmit the 
same effective force ; it is also conveyed more evenly 
and with less noise and vibration, especially if the 
gearing is at all worn or badly proportioned. 
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CHAPTER XXXVI. 

BELT GEARING. 

The belts employed for driving wood-working ma- 
chinery should by preference be made of leather, except 
when used out of doors or where likely to be wetted, 
when the use of valcanised indiarubber or india- 
rubber cloth is advantageous. They are sometimes 
made of other materials, such as cotton ; and recently, 
at the International Exhibition held in Paris (1878), a 
belt made entirely of paper supplied motive power to 
some twenty wood-working machines. This belt was 
manufactured by an American firm, and was known as 
Crane's patent Japanese paper belt, and after twelve 
months' wear it appeared in capital order. It is claimed 
for these belts that they are less in first cost and wear 
longer than leather. This, however, we are not in a 
position to verify. 

In 1853 Mr. W. Paxton, of Johnstone, introduced 
driving bands composed of a series of cylindrical cotton 
bands or cords attached together, side by side and 
rolled flat, giving to the finished band a transverse 

section similar to that of leather. This form of band 

« 

should possess a large amount of driving power and be 
suitable for moderate speeds. 

Leather, from its strength, pliability, and durability, 
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is up to the present the best known material to employ 
for all ordinary machine bands, but for extra-wide 
main driving belts vulcanised indiar libber is used and 
preferred by many. It has the advantage over leather 
of lower first cost and greater driving power; but it is 
a moot question, considering the difficulty of repairing 
by unskilled labour and other points, which in the long 
run is most economical to use. For narrow belts, or 
belts that are obliged to be run at short centres or high 
velocities, engendering a considerable amount of heat, 
our opinion is * there is nothing like leather.' 

We have seen in use some of Gaudy's patent driving 
belts, made of American cotton, which was folded and 
sewn together longitudinally, and saturated with some 
oily composition, which renders them proof against 
water' or change of temperature. In joining them 
transversely the ordinary jump-joint, sewn with laces, 
was used. They appeared to run true and grip the 
pulleys well; but as to their wearing capabilities we 
are not in a position the speak. From tests made by 
Kirkaldy, of London, their breaking strain, as compared 
with leather, is very high. Experiments were made 
on belts of 6 inches in width, with the following 
results : — Best ordinary leather, breaking strain 6,299 
lbs. ; Helvetia leather, 7,522 lbs. ; eight-ply American 
cotton, 11,763 lbs. As these cotton belts are produced 
at a considerably lower first cost than leather, we pur- 
pose taking an early opportunity of testing their suit- 
ability for driving high-speeded machinery. 

In calculating the transmission of speed by means 
of belts allowance must always be made for the * slip ' 
and deviation of the belt, but more especially in con- 
nection with wood- working machinery; running, as it 
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does, at high speeds, oftentimes at short centres and 
over small pulleys, in the midst of dust, which renders 
the leather less pliable, the ^ grip ' or driving power of 
the belt is considerably lessened. 

The strength of the best ox-hide belts used for 
belting has been calculated at about 3,086 lbs. per square 
inch of section. This is reduced at a riveted joint to 
1,747 lbs., and to 960 lbs. at a laced point. One-third 
of these figures may be given as a safe-working tension. 
As belts, however, vary much in thickness, the following 
table in lbs. per inch width of safe-working tensions 
may be of use : — 



Thickniwa of Belt 


Working Tension 


Thickness of Belt 


Working Tension 


- In. 


Lbs. 


In. 


Lbs. 


52 


60 


\ 


160 


70 


9 
Te 


180 


i 


80 


1 


200 


^ 


100 


11 

4 


220 


t 


120 


240 


1^ 


140 







For transmitting power in high-speeded machinery 
belts should be made about one-third wider than is found 
necessary in machines running at a slow speed, and the 
smooth side of the belt should run next the face of the 
pulley. All belts should be made even in thickness 
and neatly joined, and the driving pulleys accurately 
turned and rounded on face, or some difiiculty will be 
, found in making the belts run true. Twisted belts 
should be avoided as much as possible ; but if it is 
found necessary to connect by belts shafts that are not 
parallel, care should be taken that the belt should 
always be in the plane of rotation of the pulley to 
which it is approaching, without regard to the retiring 
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side, which may be deviated from that plane without 
affecting the belt. If this rale is borne in mind, little 
trouble by belts running off the pulleys will be expe- 
rienced. 

When belts are required of a greater width than 9 
inches, a double belt is preferable to a single one and is 
found to run truer. 

As regards joining belts, hooks, malleable toothed 
plates, and numerous other plans have been introduced. 
Mauy users, however, still prefer the ordinary plan of 
lacing. We have found the double Z belt-fasteners, 
known as Green's patent, to be both expeditious and 
economical, especially for narrow belts, where the tensUe 
strain is not great. 

We have recently seen some endless driving bands 
formed of crucible steel wire woven into a network or 
chain. The wires are arranged to run parallel to the 
width of the belt, and possess great flexibility and 
driving power, and will run with ease round the 
smallest pulley. As regards their economy in wear, we 
cannot speak from experience. These bands are also 
constructed with a leather or elastic lining, to prevent 
stretching, which plan we should think would be an 
advantage, at any rate for high-speeded machinery, as 
the friction engendered by the steel wire on the cast- 
iron pulley would be considerable, and the consequent 
breakage of the wire from expansion and contraction 
must be looked for. The use of metals for driving 
bands is not, hovever, new, as in 1856 the Earl of 
Caithness took out a patent for constructing driving 
bands out of sheet metal, such as iron, steel, brass, or 
composition metals. 

The following * hints,' taken from the * Textile 
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Manufacturer,' may be found useful to users of macliine 
bands : — 

* Belts stuffed with tanner's dubbin on the flesh side 
will become as smooth all over as the hair side, and 
will outlast six belts which are run on the hair side 
exclusively. 

* Three times the adhesiveness is gained by softness 
and pliableness of belting leathers over those which are 
dry. 

* Long belts are preferred to short ones, but care 
must be taken that the length be not too great. 

* Horizontal, inclined, and long belts give a much 
better eflFect than vertical and short ones, and those that 
have the driving side below than otherwise. 

* Belts of coarse loose leather will do better service 
in dry, warm places. For wet or moist situations the 
finest and firmest leather should be used. 

* Experience says, the hair side of a belt put next 
to the pulley will drive 34 per cent, more than the flesh 
side. 

* The strongest part of belt leather is near the flesh 
side, about one-third the way through from that side. 

* Leather belts must be well protected against water, 
and even moisture. 

* Short belts require to be tighter than long ones. A 
long belt, working horizontally, increases the tension 
by its own weight, acting in the curve formed between 
the pulleys. 

* Sufficient care is seldom taken to let belts run free 
and easy, and it has been one of the greatest errors, 
more or less prevalent in all large factories, to run the 
belts so tense as greatly to injure them and rapidly 
increase the wear of the bearings. 
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^ In many instances the tearing ont of lace-holes is 
often unjustly attributed to poor belting, i^^hen in 
reality the fault lies in having a belt too short, and 
trying to force it together by lacing ; and the more the 
leather has been stretched while being manufactured, 
the more liable it is to be complained of. 

* To obtain the greatest amount of power from belts 
the pulleys should be covered with leather : this will 
allow the belts to be run very slack, and give 25 per 
cent, more durability. 

* A careful attendant will make a belt last five years 
which, if neglected, might not last one. 

* It has been found in practice that belts must not 
run faster than 30 feet per second, nor have a tension 
of above 300 pounds per square inch of section. 

* The friction of a belt is double on wood what it ia 
on <^ast iron. 

^ Long belts are less liable to slip than short ones. 

*The softer woods are better for pulleys than the 
harder kinds, but pear wood and nut tree are best for 
cord-wheels. Grease must not be put on wooden wheels 
on which belts run. 

* Tightness by tightening pulleys must be applied to 
the slack side of belts. 

^ The belts should be cut from the centre of the skin. 

* Thickness of belt does not always give strength. 

^ If too great a distance is attempted, the weight of 
the belt will produce a very heavy " sag,*' drawing so hard 
on the shaft as to produce great friction in the bear- 
ings, while at the same time the belt will have an un- 
steady flapping motion, which will destroy both the 
belt and the machinery. 

* The connected shafts should never, if it can be 
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avoided, be placed one directly over the other, as in such 
case the belt must be kept very tight to do the work. 

* It is also desirable to locate the shafting and ma- 
chinery so that belts shall run oiff from each other in 
opposite directions, as this arrangement will relieve the 
bearings from the friction that would result were the 
belts all to pull one way on the shaft. 

* If possible, the machinery should be so planned 
that the direction of the belt motion shall be from the 
top of the driving to the top of the driven pulley. 

* In punching a belt for lacing, it is desirable to use 
an oval punch, the longer diameter of the punch being 
parallel with the belt, so as to cut out as little of the 
effective section of the leather as possible. 

* Begin to lace in the centre of the belt, and take 
much care to keep the ends exactly in line, and to lace 
both sides with equal tightness. The lacing should not 
be crossed on the side of the belt that runs next to the 
pulley. 

* Never add to the work of the belt so much as to 
overload it. 

*A good leather belt, 1 inch wide, has sufficient 
strength to lift 1,000 pounds. 

^ Waterproof Glue. — Fine shreds of indiarubber dis- 
solved in a warm copal varnish make a waterproof 
cement for wood and leather. 

' To Preserve Leather from Mould, — Pyroligneous acid 
may be used with success in preserving leather from 
the attacks of mould, and is serviceable in recovering 
it after it has received that species of danger, by pass- 
ing it over the surface of the hide or skin, first taking 
due care to remove the mouldy spots by the application 
of a dry cloth. 
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' Castor Oil as a Dressing for Leather. — Castor oil, 
besides being an excellent dressing for leather, renders 
it vermin-proof. It should be mixed — ^say, half and 
half — with tallow or other oil. Neither rats, roaches, 
nor other vermin will attack leather so prepared. 

* How Glue should he made to Fasten Leather to Irofiy in 
order to cover Iron Pulleys, — 1 part of crushed nut-galls 
is digested 6 hours with 8 parts of distilled water and 
strained. Glue is macerated in its own weight of water 
for 24 hours and then dissolved. The warm infusion 
of galls is spread upon the leather, the glue solution 
upon the roughened surface of the warm metal; the 
moist leather is pressed upon it and then dried. Use 
wider belts or larger pulleys if the adhesion is insuflfi- 
cient. It is a good plan to wash the worn surface of 
rubber belts with soap and water.* 
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CHAPTER XXXVn. 

WOOD. 

In a work of this class it may not be out of place to 
notice briefly the woods which are chiefly converted by 
machinery into articles of daily commerce. 

Eesinous woods are those most chiefly used, fore- 
most amongst which is the red or yellow pine, the best 
of which comes from the north of Europe, notably the 
Biga, Norway, and Memel. These trees are felled with- 
out discrimination, the best timber being selected for 
deals, and the remainder being converted into battens, 
mining timber, poles, fire wood, &c. When used as 
beams, fir should be sawn longitudinally to test its 
soundness. For mouldings and joiners' work seasoned 
American white or yellow pine is well adapted. The 
best is shipped from Quebec. A large quantity of pine 
of good quality, generally known as Board and Waney 
pine, is shipped from various Canadian ports. 

Norway spruce or white deal is chiefly used for 
poles, ladders, and masts. Eussian red wood is used 
for lath wood in large quantities. Canadian pitch pine 
is chiefly used for deck planking or conveying water. 
The whole of the varieties of the Pinus family are easily 
converted by machinery. When sawn, saws with large 
teeth and coarse pitch should be used. The ordinary 

T 
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gullet or briar tooth is as suitable as any. In sawing 
pitch pine a coarser set must be put on the saw, owing 
to the increased friction arising from the tenacious, 
clinging properties of the resin. The saw blade should 
also be well greased. 

Amongst the other resinous woods must be men- 
tioned cedar. This wood is largely used for cabinet 
work. It is grown chiefly in Spain and the Levant. 
Eed cedar is a native of the West Indian islands and 
North America. This wood is even in the grain and 
readily worked, but is apt to split unless care is taken ; 
for cutting cedar, a saw with a moderately fine gauge, 
pitch, and space should be used. We have found a 
peg-toothed saw very suitable. 

Amongst the hard woods generally used oak, ma- 
hogany, ash, elm, *teak, and walnut take first rank. 
Oak is the most durable of all woods, and one of the 
hardest. English-grown oak is unequalled for strength 
and durability, but fine oak timber is also imported 
from Eussia and America. 

Mahogany is much used for all kinds of furniture 
work. It is obtained chiefly from Domingo, Honduras, 
and Cuba. English ash is chiefly used in wheelwrights' 
and agricultural implement works. It is long in the 
grain and very tough and elastic. English elm is hard 
and tough, and difficult to work. It stands well in 
water, and is used considerably in ship-building, pump 
work, wheelwrights' work, &c. In sawing these woods 
the gullet or mill-saw teeth, arranged with a diminished 
space and nearly upright pitch, should be used. Beech 
should not be used for work exposed to air and moisture, 
as it will rapidly deteriorate. For tropical climates 
fustic is found to stand well. Various processes of 
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Beasoning wood by desiccation and other means have 
been tried, but nothing is found equal to the exposure 
of the wood to the atmosphere. When used for in- 
terior work, it should be kept for at least three years. 
Wood suffers decomposition from excessive heat, or if 
exposed to a humid atmosphere ; but if buried, and the 
air entirely excluded, its decomposition is slow. Dry 
air does not seem to affect it. 

The proper time and manner of felling trees, when 
they are at their prime for conversion, is a special 
business, and requires a special knowledge, that can 
only be gained by experience. In most timber-pro- 
ducing countries trees of all sizes are at present felled 
indiscriminately, but this pernicious system will doubt- 
less in the course of years have its effect. We need 
hardly say that any tree showing incipient signs of 
decay should be immediately felled, as its commercial 
value will then rapidly decrease. The proper time for 
felling trees depends in a great measure on their genus ; 
winter or summer is generally to be preferred, the 
timber being then less full of sap. Eesinous trees are 
best felled in summer, other trees in winter, except oak 
or those from which the bark has to be stripped, in 
which case early spring is found the most suitable, as 
the bark will then peel most easily. The bole of the 
tree should always be severed as near the ground as 
possible. Although several attempts, with more or less 
success, have been made to fell trees by mechanical 
means, the difficulties of situation, transport, and eco- 
nomical manipulation have hitherto prevented much 
progress being made in thus superseding the art of the 
woodman. From experiments it has been found that 
the wood immediately surrounding the heart of the 

T 2 
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tree is the weakest, and this weakness mcreases with 
the age of the tree. The woody fibres next the bark 
are also weaker than the rest, the strength of the 
timber gradually increasing from the heart outwards. 
Moisture in timber weakens it considerably, and its 
crushing resistance is found to be little more than one- 
half of what it is when dry. 

Experience, of course, can be the only sure guide as 
to the condition, streng^th, or value of timber; ill- 
conditioned timber can, however, generally be distin- 
guished by a looseness and wooUiness of the fibre and 
a clogging of the teeth of the saw ; when cut it also 
presents a white, floury appearance. The timber used 
for joinery purposes and conversion into mouldings, &c., 
should be as sound and dry as possible. If it is neces- 
saiy to season the timber artificially, what is known as 
the hot-air method is generally considered the best. 
This consists in confining the timber in a chamber, and 
subjecting it to a current of hot air forced through the 
chamber by means of a fan. It is necessary to vary the 
temperature of the hot air according to the kind and 
size of timber. The following have been found the 
most snitable drying heats :- 

Oak, the temperature should not exceed 105° Fahr. 
Leaf woods . . . . 90** to 100° „ 
Pine woods, in deals and upwards . 120° „ 
„ in thin boards . 180° to 200° „ 

Mahogany do. , 280° to 300° „ 
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CHAPTEE XXXVIIL 

CIBGULAB AND STBAIGHT SAWS. 

In conuection with the productive efficiency of wood- 
working machinery the proper selection, sharpening, 
and manipulation of the cutting tools employed is a 
point of the utmost possible importance, as, no matter 
how well designed or constructed a machine may be, 
unless the tools employed are exactly suitable to the 
work to be performed, are made of material of the 
highest quality, and are tempered and sharpened to 
the most correct cutting angle, the production of the 
machine is in every way unsatisfactory, the work 
turned out being less in amount and the quality in- 
ferior, whilst the force expended to produce it is 
greater. 

As being the most general and important cutting 
instrument employed in the conversion of wood, we will 
first consider the saw. Saws may be divided into three 
classes — viz. (1) reciprocating or mill saws, (2) rotary 
or circular saws, (3) endless band or ribbon saws. 
Another form of saw is known as the cylinder saw, but 
this form is rarely used. On the gauge, shape of tooth, 
and * set ' of the saw best adapted to perform certain 
work a great diversity of opinion exists, English, Conti- 
nental, and American practice on these points differing 
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considerably. Xo fixed rule can, however, be laid down, 
as all these points must depend on the nature, qnalityy 
and condition of the material operated on. An immense 
yariety exists in the shape of the teeth employed ; the 
best known are the peg, gollet, fleam, mill saw, hand 
saw, hog mane, dog, parrot bill, bird tail, hook, and 
American tooth. The first foar mentioned are those 
chiefly employed in this comitry. In cutting or ripping 
with a circalar saw soft woods, such as pine, with the 
grain of the wood, the teeth of the saw should be set 
farther apart, and the pitch or rake and set of the teeth, 
should be considerably coarser than for hard wood. If 
a line is drawn through the points of the teeth the 
angle formed by the face of the tooth with this line 
should be, for cutting soft woods, about Go*' to 70°, and 
for cutting hard woods about 80** to 85**. The angle 
formed by the face and top of the tooth should be 
about 45° to 50° for soft wood, and 65° to 70° for hard. 
It will thus be seen that the angle of the tooth found 
best for cutting soft wood is much more acute than for 
hard ; these figures are, however, given approximately, 
and should be modified according to circumstances. 

The action of the saw when operating with the 
fibre of the wood may be regarded as chiefly a splitting 
one, the revolving saw-teeth acting like a series of small 
wedges driven into and separating the longitudinal 
fibres of the wood. 

Some saw teeth of American origin are very extra- 
ordinary in form, and the advantages gained by thus 
shaping them are not always obvious. 

Mr. Peter Cook, an American, took out a patent 
some twelvef years since for improvements in the shape 
of saw teeth. According to this invention the teeth 
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are made of a rectangular, or nearly a rectangular, 
form, the tops of the said teeth being bevelled to form 
a cutting edge throughout their entire length. The 
cutting edge of each tooth coincided with the line of 
motion of the saw, and such cutting edge may be of 
equal length to its base. The bevel of each tooth was 
on the opposite side to the next one, and the teeth may 
be set in the ordinary way, the set or deflection being 
on the opposite side to the bevel of the tooth. If 
desired the ordinary clearing tooth may be employed 
at suitable intervals along the saw. The principal ad- 
vantages claimed to be derived from this construction 
of saws are smoothness left on the cut surfaces of 
the wood, the freedom with which they pass through 
the material operated upon, and the capability of 
cutting equally well in both directions. 

We may here remark it is of the greatest import- 
ance that the steel used for the manufacture of saw^ 
and cutters should be of the highest possible quality ; 
any advantage that may be obtained in lower first cost 
in purchasing a second quality is immediately thrown 
away in extra loss of time in sharpening, inferior 
work, &c. 

In sawing resinous woods, such as pitch pine, the 
teeth of the saw should have a considerably coarser 
' set ' and space than for hard woods. For sappy woods 
saws with longer and sharper teeth should be used. 

Before sharpening a circular saw it should be made 
perfectly round ; this can best be done by placing the 
saw on the spindle and running down the points of the 
teeth by means of a hard piece of stone. It is im- 
portant that the cutting angles and the tops and faces 
of the teeth should be bevelled exactly alike the gullets, 
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too, should be of even depth, as the saw will work more 
freely and with less power than if the teeth are allowed 
to get short and stampy. The use of a revolving emery 
disc for saw-sharpening and guUeting has the addi- 
tional advantage of doing away with the old-fashioued 
plan of punching out the teeth, which generally springs 
the saw plate and necessitates the re-hammering of the 
saw. In the manufacture of saws the steel plates used 
are hammered true, which is an operation requiring 
a considerable amount of skill to perform properly, 
and afterwards ground on a face plate. We have 
recently seen working some circular saws of American 
manufacture, which, we were informed, instead of being 
hammered were pressed true by machines of immense 
power. They certainly performed their work very cleanly 
and with a minimum amount of friction. If the process 
of hammering can be dispensed with in favour of some 
mechanical method, the result should be in every way 
advantageous, as the saw would run truer and with less 
power, the indentations necessarily left in the saw from 
hand hammering, notwithstanding the grinding process, 
being entirely done away with. In working circular 
saws successfully, in addition to the shape of teeth most 
suitable to the work, the gauge of the saw, and the 
speed, much depends on the efficient ^ packing * of the 
saw blade* In America, where timber is plentiful, 
little is done in this direction ; the consequence is saws 
of much stouter gauge have to be used, resulting in a 
consequent loss of power and material. Considering the 
great progress in wood-working machinery, we cannot 
conceive how American engineers still adhere to this 
very wasteful conservatism. The plan for guiding the 
saw generally pursued in this country is to screw 
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pieces of wood — mahogany is suitable, as it retains 
well in its fibres any lubricants employed — to the 
* finger plate ' and below the saw table on either side, 
and running immediately parallel and close to the saw ; 
the wood is rebated to allow hemp, gasket, or other 
fibrous material charged with lubricating matter to be 
packed in tightly to lubricate the saw, which is espe- 
cially necessary when sawing hard or resinous wood. 
This method of packing was introduced by Holland about 
the year 1842, and has been in use ever since. Some 
makers construct especial packing boxes for holding 
the oily material^ so arranged that it can be replenished 
with oil as required. To ensure steadiness in running 
and prevent * buckling,* saws, should be packed at both 
the back and front. A plan of ' packing ' pursued by M, 
Arbey, of Paris, and shown by him in the International 
Exhibition of 1878, is deserving of notice. On either 
side of the saw, and let into the top of the bench, 
were fitted transversely four set screws, which were 
adjustable to the gauge of the saw. Into the centre of 
each of these screws was fitted a piece of hard wood, 
which, when the screws are tightened up, presses against 
and guides the blade. Exhibited also in the French 
section by Messrs. Gerard, of Paris, was Ganne's patent 
saw guard and guide. This consists of a narrow cast- 
iron box made in the form of a half-circle, inside which 
the periphery of the saw runs. This box or chamber 
is suspended over the saw from an arm fitted to one 
side of the saw-bench framing, and is made adjustable 
to saws of varying diameters. Set screws fitted through 
the box on either side of the saw act as guides. 

In packing circular saws care should be taken, 
when oiled gasket is used, that it is fitted evenly on 
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either side of the front half of the saw, so that the 
friction and consequent expansion and contraction of 
tbe saw blade may be perfectly uniform. These small 
points are, however, often neglected, the result being that 
the saw, especially if of thin gauge, runs out of trutli 
without any apparent cause. Other reasons there are, 
however, which cause saws to run out of truth, amongst 
which may be named saws of too thin a gauge for the 
work, irregular setting or improper form of tooth em- 
ployed, insufficiency of clearance for sawdust, too rapid 
a feed, or a saw blade of too mild a temper. 

For all ordinary purposes of sawing the gauges 
given herewith will be found suitable ; but for special 
purposes, or special kinds of wood, they can be in- 
creased or depreased, as experience directs. 



Diameter of Circular 
Saw in Inches 


B.W. Gauge 


Diameter of Circular 
Saw in Inches 


B.W. auage 


12 


17 


60 


8 


14 


17 t. 


62 


8 


16 


16 


54 


7 


18 


15 


56 


7 


20 


14 


68 


6 


2"^ 


14 t. 


60 


6 


24 


13 


62 


6 


26 


13 


64 


6f. 


28 


12 


66 


6f. 


30 


12 


68 


5 


32 


12 


70 


5 


34 


12 t. 


72 


5 


36 


11 


74 


6 


38 


11 


76 


5 


40 


lit. 


78 


5 


42 


10 e. 


80 


5f. 


44 


10 


82 


5f. 


46 


9e. 


84 


5f. 


48 


9 







t. signifies tight, e. easy, f . full. 



The straight or mill-saw webs used in machines 
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with a reciprocating motion can be worked of a much 
thinner gauge than circular saws. For ordinary use 
the following are suitable : — 

Saws up to 3 feet 6 inches long, 15 gauge. 

Saws 4 feet long, 15 gauge full. 

Saws from 4 feet to 5 feet 6 inches long, 14 gauge. 

Saws 6 feet long, 14 gauge full. 

Saws from 6 feet 6 inches to 7 feet long, IB gauge. 

As regards sharpening and setting the teeth of saws, 
much has been written ; the usual practice is to bend 
by means of a saw-set the teeth alternately to the right 
and left. Many practical men prefer to set their saws 
by means of a blow given by a hammer or punch, as 
the teeth stand to their work better and require less 
frequent setting, it being found, especially with thin- 
gauge saws, that the teeth have a constant tendency to 
assume their original position. In setting saws of a 
stout gauge and hard temper with a hammer, consider- 
able care must be exercised to prevent fracture; the 
best plan we are acquainted with for setting circular 
saws is to fit the saw horizontally on a stud fitted in a 
wooden frame having a transverse movement. A small 
steel anvil with a bevelled face should be placed at one 
end of the frame, and the saw traversed backwards or 
forwards for the teeth to overlap the anvil centre the dis- 
tance of the set required. For setting a series of smart 
light blows in preference to one heavy one should be 
given, and the teeth set a little coarser than is abso- 
lutely required in work. Some users file and set the 
teeth of their circular saws in triplets, the first tooth 
with a bevel to the right — the second remains straight — 
and the third with a bevel to the left. We are at a 
loss to see, however, any especial advantage in this 
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plan. Occasionally also saws are used with the body 
of the blade deflected from the plane of its cutting* 
edge. This plan is said to give greater stiffness and in* 
creased cutting power to the saw. In America many- 
saws are constructed with false teeth, dove-tailed into 
the periphery. The advantages claimed for this plan 
is that the teeth are easily renewable when worn out, 
and that the centre of the saw may be made with a 
steel of inferior quality. A somewhat novel method of 
inserting false saw teeth has recently been patented by 
Mr. Frederick Schley, of New York. It consists of a 
circular holder made in two parts, hinged together, 
grooved around its edge, and fitted to a circular notch 
at the root of the saw tooth. The saw plate is made 
with a V-shaped edge, which fits the periphery of the 
holder. A space is left between the hinged portions of 
the holder to receive the tooth, and there is a notch for 
receiving the small projection at the root of the tooth- 
This prevents the tooth from drawing out, and it is 
prevented from lateral motion by a groove in the tooth 
and a Y-shaped edge on the holder and saw plate. 
Much ingenuity has been expended in this direction, 
but we are at a loss to see any particular advantage 
when we consider that with false teeth it is necessary 
to use saws of stouter gauge, the friction in using is 
gfreater, consequently the power required to drive is 
more. They are seldom, if ever, used in this country, 
their use being almost entirely confined to the United 
States. To lessen the labour in guUeting, circular 
saws are sometimes made with a series of round holes 
punched through the plate from the root of the gullet 
towards the centre of the saw; this certainly lessens 
considerably the labour required in sharpening, espe- 
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cially if done by hand, and should prevent expansion, 
but we should imagine the friction must be somewhat 
increased. Where many thin boards of valuable woods 
have to be sawn on a saw bench, * ground-oflf * saws — that 
is, those which are bevelled on the one side, i.e. the 
gauge reduced from near the centre to the periphery — 
should be used. 

Cross-cutting saws, or those used for severing the 
fibres of the wood transversely, diflfer essentially in 
the forms of the teeth employed and the method of 
sharpening. The fibre of the wood, when severed across 
the grain, is comparatively unyielding, and the teeth 
of the saw meet with much more resistance, and it is 
found necessary to make the teeth considerably more 
upright, and more acute or lancet-shaped in their form, 
than for cutting with the grain. The faces of the teeth 
ishould be sharpened to a keen edge, and for hard wood 
filed well back, so that in work they may have a direct 
cutting action, similar to a number of knives. Care 
should also be taken that the teeth are made of suffi- 
cient depth to afford a free clearance for the sawdust. 

Most of the points to be borne in mind as regards 
the shape, pitch, and set of the teeth of circular saws 
apply equally well to straight saws with a reciprocating 
motion. In these machines, owing to the slower rate 
of feed and the number of blades employed, saws of a 
considerably thinner gauge can be used. A considerable 
saving in power and material is thus effected. Recip- 
rocating saws with a double cut — that is, one-half of 
the saw teeth were included in one direction fix>m the 
centre of the blade, and the other half in the opposite 
direction — were invented some years since by a Mr. J. 
Pavis. 
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Mill-web saws are in America occasionallj made in 
sections, and a patent for improvements in this direc- 
tion has recently been taken out by Mr. C. H. Hubbard, 
of Pittsburg. His improvements consist in forming 
the saw in sections arranged longitudinally, edge to 
edge, the front section being the cutting edge of the 
saw and the back section a plain blank. By this ar- 
rangement ifc is claimed that a much narrower cutting 
section is used, thus reducing the friction and the first 
cost of the blade, and also allowing it to be more easily 
tempered or removed from the frame without disturbing 
the strain of the blank sections, which can be used with 
other sets of cutting sections. 

All mill-web or straight saws, either long or short, 
should be ground thinner towards the back of the saw. 
Care should be taken that they are made perfectly true, 
and flat and uniform in toothing and temper. 

Saws formed in this fashion require less set, and 
work with considerably less friction ; their first cost, 
however, is slightly increased. In fixing straight saws 
in their swing frame, care should be taken that they 
are arranged with the amount of * lead ' or ' rake ' best 
suited to the wood they are intended to cut. In sawing 
some classes of green timber, in which the fibres are 
long, considerable trouble is sometimes experienced in 
preventing them clinging to and so increasing the 
friction of the saw that it becomes more or less choked 
and the blade ' buckled.' To obviate this Mr. Thomas 
Greenwood, of Leeds, proposed some years back so to 
construct the frame that the saw blades were drawn 
back after the completion of each stroke, so that the 
saw teeth might clear the wood during the ascent of the 
swing frame. This could possibly be put into operation 
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with large firaines running at a slow speed, but would 
be practically impossible with the light high-speed 
frames of the present day. If a large number of saws 
are employed we can recommend the use of a series of 
circular revolving opening wedges and saw teeth of 
extra-coarse space and pitch. 

We give as a Frontispiece a plate of various forms of 
saw teeth taken from Worssam on ' Mechanical Saws.' 
A considerable number of these teeth, however, are 
rarely used, and we are at a loss to see the advantages 
of some of the more complex forms sometimes used on 
the Continent and in America, as the extra expense of 
keeping them in a satisfactory working condition would 
more than counterbalance any supposed advantage. 
The faces, backs, or tops of the teeth shown in the 
plate are expressed in angular degrees, measured from 
a line running through the points of the teeth. The 
angle of the point itself is found by subtracting the 
angle Of the back from that of the face of the tooth, 
or the less from the greater of the first two numbers. 
The diagrams are not drawn to any definite scale, being 
given to illustrate the forms of teeth and not the 
dimensions or gauges, which it is necessary to vary 
considerably according to the nature or condition of 
the wood being operated upon. 
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CHAPTER XXXIX. 

BAND OS RIBBON SAWS. 

Much advance has been made of late years in the 
manufacture of band or ribbon saws, but chiefly by 
France, which supplies almost entirely the rest of the 
world. This arises not so much from the quality of 
the steel employed — which, we believe, comes from Eng- 
land — ^but from the peculiar method employed in tem- 
pering, which ensures to the blade a considerable 
amount of hardness combined with toughness. The 
manufacture of these saws on an extensive scale has 
never been carried out in this country, the method of 
tempering successfully being kept more or less a secret. 
Band-saw blades, when in operation, are subjected to 
several strains, the chief of which is a bending or tor- 
sional strain, which in heavy work with sharp curves is 
very severe. In addition to this the expansion and con- 
traction in the blade engendered by the friction whilst 
in iise, seems in a great measure to alter the fibre or 
granular structure of the steel, and the consequent 
breakages have militated much against the universal 
adoption of this method of sawing. The writer some 
time since tried a plan of making half of the saw 
blade carrying the teeth of a hard temper, whilst the 
back of the blade was left soft. This, however, owing 
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to the difficulties of tempering and the unequal expan- 
sion and contraction, was a failure. 

To M. P^rin, of Paris, much of the improvement in 
the manufacture of band-saw blades is due. Plenty of 
scope for improvement still exists, especially in saws 
of stout gauge and considerable width — say, above 3 
inches. Wide band saws are valuable for certain 
classes of heavy bevel sawing, such as the curved 
forms required for ships' timbers or the backing for 
armour-plated vessels. Their use for these purposes, 
however, is much retarded, owing to the heavy loss sus- 
tained even by the breakage of a single saw, as when 
once broken it is a matter of considerable difficulty to 
braze efficiently wide saws of stout gauge. 

In 1856 Mr. W. Exall took out a patent for im- 
provements in the manufacture of band-saw blades. 
These improvements consisted chiefly in heating the 
blade by means of blow-pipes or lamps whilst it was 
being passed through the rollers or dies used for the 
purpose of reducing the blade to its proper thinness, 
and in giving the blade its proper temper by continually 
rolling it between hard rollers or by repeated drawing 
through dies, as in drawing wire. He also claimed 
another plan of tempering the blade when joined ready 
for work by heating it in a suitable oven and then 
plunging it into oil or other fluid. 

A patent for an improved niachine^ for setting the 
teeth of band saws was taken out by Mr. L. Orton in 
1876. 

In this invention two pulleys hold the saw taut, 
and the two limbs of a forked frame suspended on a 
short shaft carry each a punch, that operates, as the 
frame is oscillated by the handle, to set the teeth firom 
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opposite sides, the saw being fed along by a panl on a 
bell-crank lever, that is actuated bj a cam fixed upon 
the frame. 

Tor sawing very hard wood or iron the teeth should 
be made shorter, and with at least one-third more 
points to the inch, than in blades for sawing sofb wood, 
as they will stand little or no setting ; for a clearance 
for the saw they are made to taper from the points of 
the teeth to the back of the saw. The teeth of band 
saws should be set by blows in preference to bending, 
which, unless very carefully performed, is more liable 
to buckle the blades and prevent them running true. 

Saw blades of too hard a temper, where the steel 
has crystallised, or where the blades have been sub- 
jected to imperfect or sudden tension, break readily, 
the fractures usually commencing from the roots of 
tiie teeth. A good saw-blade should be elastic in its 
temper, without hardness; tbe gauge, width, and 
toothing should be uniform throughout. Care should 
be taken in jointing the saws that they are not made 
thicker at the braze, as when in work, if this is the 
case, they will be found to jump and not run true on 
the saw wheel, breakages being the result. The opera- 
tion of brazing or jointing band-saw blades with, a 
little practice is easily performed. The modus operandi 
is as follows : — Take each end of the blade and file 
down a taper on the opposite sides of the saw of about 
three teeth points, so that when the two ends of the 
saw are made to overlap each other the joint, when 
cleaned oflF, will be the same thickness as the rest of 
the blade. Secure the overlapping ends of the saw 
well together by small hand vices, and tie them with fine 
iron wire. Over this bind tightly with brass wire the 
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full length of the overlap. Moisten the joint with water 
and cover it with powdered borax. Either take a large 
tongs and make it red hot, or place the saw in a small 
forge fire made of charcoal and keep it there till the 
brass is well melted. Let the saw cool gradually, and 
file the joint to the same gauge as the rest of the 
blade and finish it with emery cloth. If this operation 
is well performed the joint will scarcely be distinguish- 
able. Some prefer to moisten the saw with diluted 
muriatic acid, we presume to remove any grease ; but 
we have always found plain water answer very well. 
Care must be taken that when brazed the overlapping 
ends of the saw press well together. 

It is difficult to distinguish by inspection the 
quality or temper of a saw blade. A blade either too 
soft or too hard is comparatively useless. By bending 
the blade you can in a degree judge by its elasticity as 
to its temper, but users must, however, necessarily be 
more or less in the hands of the manufacturer. 

The expansion and contraction of the saw blade is 
a fruitful cause of breakages. This can be somewhat 
lessened by lubricating the blade well, keeping the 
leathers on the saw wheels true, and slackening the 
tension of the saw immediately after finishing work. 
The bed plate and column of the machine should be of 
sufficient section and area, and fixed on a foundation of 
sufficient firmness to prevent any jar or vibration even 
when sawing the heaviest timber of which the machine 
is capable. We have found saw blades of a thin gauge 
to stand better than stout ones. They should always 
bend easily over the pulleys, as if the angle is too 
sharp for the gauge or temper of the saw they will 
invariably break. 

* z 2 
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AlthoQgli we axe aware they are thinner than those 
usnally employed, after considerable experience we can. 
recommend the following thicknesses of saws as the 
gauges most suitable for sawing pine and the softer 
kinds of wood of the Pinus family. The lengths of the 
blades are given in feet, and the thicknesses by Birming- 
ham wire gauge : — 

Saws up to 14 feet long, of any width, 22 ga. 

n 17 „ „ 21 ga. 

20 .. .. 20 era. 



„ 20 „ „ 20 ga. 

„ 24 „ „ 19 ga. 

30 „ „ 19 ga. t., or 18 ga. e. 



II ow „ ,, 



These figures must not, however, be considered as 
arbitrary, but can be modified according to circum- 
stances. The smaller the diameter of the saw wheel, so 
should in ratio the gauge of the saw be reduced. This, 
however, does not apply to those machines of the 
smaller class in which the saw blade runs over three 
wheels instead of two, as in this case the blade does 
not impinge on the periphery of the saw wheel at 
so sharp an angle as when two wheels only are em- 
ployed. 

For cutting the harder and closer-grained woods, 
such as oak, beech, &c., the ihickness of the saw should 
be increased about one gauge, the teeth should be 
more upright and spaced finer, and the set also should 
be reduced. For woods of a woolly fibre, such as English 
poplar, the teeth of the saw should be of coarse space 
and set, to effect a clearance and overcome its clinging 
properties. For cutting metal the thicknesses given 
may be increased about three gauges, the teeth of the 
saw being very finely spaced — say, twenty points to the 
inch — and set slightly with a hammer. These saws 
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are made to taper towards the back of the blade for 
clearance. 

We give herewith illustrations of the saw teeth we 
have found most suitable for hand-saw blades for cut- 
ting all ordinary classes of wood. Figs. 43 and 44 are 
well suited to moat of the woods of the Pinus family, 
except pitch pine ; for working this wood we can re- 



commend fig. 45, the teeth of which should he coarsely 
spaced and set. In addition to this, owing to the 
clinging properties of the resin, a small brush should 
be attached to the machine, so arranged that the saw- 
blade is constantly swept by it ; an occasional appli- 
cation of grease to the blade is also an advantage, as 
the resin is more readily removed. We can recommend 

I 1 I I li 



for durability saws with gullet teeth — i.e. teeth rounded 
oat at the root, similar to figs. 44 and 47 — as they are 
much less likely, to fracture in working than saws with 
the roots running to an angle, as the fracture in the 
blade is found almost invariably to commence at tha- 
point of this angle. Owing, however, to small gnllet 
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teeth being more troublesome and expensive to sharpen, 
the angle teeth are still more generally employed. 

After several experiments we have found the teeth 
shown by fig. 46 very suitable for sawing oak, ash, elm, 
and other hard woods, and by setting the face of the 
teeth farther back — i.e. slightly out of the perpen- 
dicular — ^the cutting action is improved. 
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Fio. 47. FIG. 48. 

For heavy curved sawing, such as the timbers used 
in ship-building, the backing of armour-plated vessels, 
&c., for all saws above 2^ inches wide we can strongly 
recommend the gullet tooth, as shown in fig. 47. In 
fig. 48 are teeth adapted for cutting iron and metals ; 
they should, however, be somewhat stouter at the rooti 
than those shown in sketch. 

The figures are not drawn to scale, but are intended 
to illustrate the shape or form of the teeth. 
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CHAPTEE XL. 

CUTTEES. 

The action of revolving cutters, such as those used in 
planing and moulding machines, is similar to that of 
circular saws. For planing soft wood the bevel of the 
cutting edge of the iron should be more extended than 
when used for hard wood. About 25° to the face of 
the iron is the best angle, whilst for hard woods about 
40° is found most suitable. They are occasionally worked 
at a more acute angle than this, but in working very 
hard woods the edges of the cutters are more liable to 
break. Cross-cutting cutters, such as those used in tenon- 
ing machines, should be arranged to work diagonally* 
to the grain of the wood. An angle of about 15 degrees to 
the axis is usually found suitable for soft wood, as it is 
found the nearer they act with the fibre of the wood the 
smoother the work. Cutters for tenoning machines are 
made by some engineers slightly helical. We think, how- 
ever, that anything gained in this manner is more than 
lost in the extra trouble involved in keeping them in 
order, as well as increased first cost. For planing wide 
surfaces M. Arbey, of Paris, has for some years used the 
spiral or twisted irons patented by Mareschal and Godeau. 
The advantage claimed for this form of knife is, that the 
pitch of the knives is so arranged that the end of one 
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comes opposite to the beginning of the other, thus 
giving a continnons cut during the whole revolution of 
the cutter block. As part only of the whole length of 
the knives strikes the wood at the same time, the jar 
or vibration is thus considerably lessened ; and, as they 
always present the same cutting angle to the wood, 
cross-grained and knotty stuff can be worked. The 
knives used are very light, being from one to two 
millimetres in thickness. They are, however, more 
difficult to manage than straight knives, and require 
considerable skill and care in keeping them in order ; 
hence their very partial adoption. Where this form of 
knife is adopted an arrangement is generally made to 
sharpen them in their places on the cutter blocks by 
means of a revolving emery wheel. Whatever form of 
knife is used, the steel employed in its manufacture 
should be of the highest obtainable quality. We prefer 
cutters made of wrought iron faced with steel to those 
of solid steel, as being easier to work and less liable to 
fracture. In establishments where a large variety of 
woods are worked it is advisable to have several sets 
of knives ground to the various bevels found best suited 
to the work. Much has been written as regards 
tempering cutting tools. No absolute rules, we think, 
can be laid down, at any rate as regards wood-cutting 
too^s ; it simply resolves itself into a matter of practical 
experience. For working soft woods with knives of an 
acute bevel a light straw-colour temper is suitable, 
whilst for harder woods, where the bevel of the knives 
used is made more obtuse, the temper should be made 
slightly harder in proportion. Cutters should always 
be ground with a double bevel, leaving at the cutting 
edge, say, about ^ in. to be whetted with a stone to a keen 
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edge by hand. Several varieties of stone are suited to 
this purpose, but we have found nothing better than a 
good Turkey stone. All plane irons above 12 inches 
long should be ground in a sliding frame, fitted with 
adjustments for any desired bevel, as it is impossible to 
keep long irons, such as those used -in panel-planing or 
trying-up machines, true with hand grinding against 
an ordinary fixed rest. In panel-planing or other 
machines for working wood of considerable width, 
instead of using two long planing irons extending the 
whole width of the machine, eight short ones should be 
arranged in succession, two on each of the four sides of 
the cutter blocks ; this plan, although causing a little 
more trouble in adjusting the irons, does away with 
the difficulties often experienced in keeping irons of 
very great width in a satisfactoiy condition. 

In constructing moulding irons, a plan often pur- 
sued, but still essentially wrong, is to cut the shape of 
the required moulding on the edge of the steel and 
grind a bevel backwards from it. The result is the 
exact profile of the moulding is constantly liable to be 
altered when sharpening. In place of this the form of 
moulding should be always milled into the face of 
the cutter itself, as it thus, if sharpened to the 
proper bevel, retains its true form. A few years since a 
somewhat novel system of steel cutters for working 
wood was patented by M. Guilliet Perreau, of Auxerre, 
France. He claimed that in his cutters, when the profile 
of the moulding was once formed, it was unalterable, 
no matter how badly the sharpening might be done ; 
that they made a cleaner cut and were less liable to 
accident. We have seen this form of cutter in opera- 
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tlon in yarioas machines and giving very satisfactory 
results. They are made from one piece of steel, in 
form something like a deep saucer ; the periphery is 
shaped to the profile of the desired moulding, and has 
several openings, which are sharpened towards the 
centre and present as many cutting edges to the wood« 
These cutters can be modified in shape for tenoning 
and other operations ; they possess several features of 
value, but, unless manufactured on a considerable scale 
and with special appliances, their first cost would be 
considerably in excess of the ordinary form. 

Fixed cutters for planing machines should be fitted 
with back irons, and the cutting edge arranged at a 
slightly oblique angle to the wood, as the shock on the 
knife is thus received gradually. This also applies to 
veneer-slicing machines when a sliding cutter-block is 
used, except in some kinds of wood where it is found 
necessary to cut the fibres of the wood the whole width 
of the board or block at the same moment. 

In establishments where a considerable number of 
moulding irons are in use, some half-dozen stones of 
fine grit should be mounted and turned up to fit the 
rounds and hollows of the most usual form of irons, 
which can thus be sharpened without the aid of hand 
filing, which is an expensive method and deteriorates 
considerably the cutting power of the steel, from the 
constant softening and hardening processes through 
which it has to go. 

In surfacing and squaring-up machines, where cylin- 
drical gouges are used, especial care must be taken 
that they are set at the most suitable angle required 
by the nature of the wood, and that the temper of the 
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gouge is not made too high, or fracture and consequent 
loss will be the result. We have found the palest of pale 
straw colour the best suited, except for the hardest class 
of wood ; a considerable increase in the strength of the 
steel is produced bj hardening in oil. 
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CHAPTEE XLL 

SULES AND TABLES. 

Rules for Calculating Speeds of Shafts and Diameters 

of Pulleys. 
The speed of the driver and the diameter and speed 
of the driven being given, to find the diameter of the 
driver. 

PROBLEM 1. 

Rule. — Multiply the diameter of the driven by its 
speed, and divide the product by the speed of the 
driver ; the quotient will be the diameter of the driver. 

PROBLEM 2. 

The speed of the driven and the diameter and 
speed of the driver being given, to find the diameter of 
the driver. 

Rule. — Multiply the diameter of the driver by its 
speed, and divide the product by the speed of the 
driven ; the quotient will be the diameter of the driven. 

PAOBLEM 3. 

The diameter of the driven being given, to find its 
number of revolutions. 

Rule. — Multiply the diameter of the driven by its 
revolutions, and divide the product by the diameter of 
the driven ; the quotient will be the number of revolu- 
tions of the driven. 
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We give herewith tables of the specific cohesion 
and strength and the resistance of wood to pressure as 
calculated by Professor Wallace. 

Specific Cohesion and Strength of Wood, 

Alder 1-606 

Ash from 1804 to 1*274 

„ red, seasoned . • • • • 1*899 

„ white „ 1*509 

Bay from 1*647 to 1'086 

Beech 1*880 

Cedar 0*628 

Chestnut, a centmy in use . . . 1*291 

Citron from 1-357 to 0*868 

Cypress „ 0*732 „ 0*542 

Elder 1*086 

Blm 1-432 

Fir from 1-380 to 0*879 

„ pitch pine „ 1*398 „ 0*380 

„ strong red 1*172 

„ Memel, seasoned .... 1*154 

„ Russian . . . . from 1062 to 0^963 

„ American 0942 

„ yellow deal 0*900 

„ white , 0*455 

„ Scotch 0*711 

„ Scotch, seasoned . . from 0*837 to 0*745 

Lance wood 2*621 

Larch 1*177 

Lemon 1*004 

Mahogany, Spanish 1*283 

Maple, Norway . . . . . . 1*123 

Mulberry 1*492 

Oak from 1*891 to 0*955 

„ English „ 1*085 „ 0*936 

„ „ seasoned .... 1*509 

„ French .... from 1*060 to 0*960 

„ „ seasoned . . . „ 1*559 „ 1*363 

„ Baltic „ 1-211 

„ American white .... 1*009 

„ Dantzic 0818 

Plum from 1*357 to 1*205 

Pomegranate 1*221 ,,0*882 
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Spedfio Cdhstion a/nd Strenffth of Wood — oontiimed. 
Poplar from 0*705 to 0*488 



Teak, Java, seasoned 

» Pegu 

„ Malabar 
Willow . 



n 



from 



1-509 
1-400 
1*395 
1-376 to 0-809 



Resistcmce of Wood to Pressure, 

(In this table the experiments are with cubes of 1 inch on the edge.) 

, Lbs. 

American pine 1,606 

Kim. . . 1,284 

'English oak 3,860 

White deal 1,928 

TahU of Specific Oramties of Seasoned Timber, hy W, Templeton, 



Alder 

Apple tree • . 

Ash . 

Beech 

Birch, English . 

„ black. Amen 

can 
Blackwood, Austra 

lian 
Blue gum . 
Box, French 

„ Dutch 
Cedar, American 

„ Sydney . 

„ Canadian 
Cherry tree 
Chestnut . 
Cork 
Cowrie pine, New ) 

Zealand . ) 
Crab tree . 
Ebony, Indian . 

„ American 
Elm . 
Hawthorn 
Holly and hornbeam 
Iron bark, Australian 
Laburnum 
Lance wood 



Specific 
aravity 


Fouxids 
Cubic Feet 


Cubic Feet 
=lTon 


736 


46 


48| 


792 
845 


49^ 
52 


45| 
43 


852 


63} 

49i 


42 


792 


45-J 


648 


40i 


55 


662 


4H 


54 


1,100 

1,328 

912 


68| 

83 

57 


32i 

27 

39 


561 


35 


64 


560 
910 


34i 
57 


64 
39^^ 


715 


45 


50 


610 


38 


59 


240 


15 


149 


512 


32 


70 


768 
1,208 
1,331 

673 


48 
75^ 
83 
42 


46J 
29 
27 
53 


610 


38 


59 


760 


47* 


47,1 


1,233 

920 

1,023 


77 

57i 

64 


29 
39 
35 



Larch 
Lemon tree 
Lignum vitse 
Lime tree 
Logwood . 
Mahogany, Spain 

„ Honduras 

Maple 
Oak, English 

„ American 

„ African 
Orange tree 
Pear tree . 
Pine, pitch 
red . 
white 

„ yellow 
Poona 
Poplar 
Plum tree . 
Red gum, Australia 
Rosewood, black 
Sycamore . 
Teak 

Walnut . 
Willow . 
Yew, Spanish 

„ Dutch 






u 

COO 



II 



530 
704 

1,336 
760 
913 
720 
560 
752 
934 
672 
944 
705 
660 
736 
672 
456 
448 
640 
384 
785 
901 

1,280 
624 
750 
671 
585 
807 
788 






31 

44 

83i 

47| 

57 

45 

35 

47 

58 

42 

59 

44 

41 

46 

42 

28^ 

28 

40 

24 

49 

56 

80 

39 

46 

42 

36i 

m\ 

49j 





o 



72} 

61 

26| 

47i 

39i 

50 

64 

47i 

38| 

53} 

38 

49| 

54| 

48| 

53 

78i 

80 

35 

93} 

461 

40 

28 

57J^ 

48| 

53* 

6ll 

44} 

45 
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Composition of Woods, 



Woods 


Carbon 


Hydrogen 


Oxygen 


Nitrogen 


Ash 




Per Cent. 


Per Cent. 


Per Cent. 


Per Cent. 


Per Cent. 


Beech 


49-36 


601 


42-69 


0-91 


1-00 


Birch . 


60-20 


6-20 


41-62 


1-16 


0-81 


Oak 


49-64 


5-92 


4116 


1-29 


1-97 


Poplar 
Wniow . 


49-37 


6-21 


41-60 


0-96 


1-86 


49-96 


5-96 


39-66 


0-96 


3-37 



Measurement of Timber, 

In measuring standing timber the length is taken 
as high as the tree will measure 24 inches in circum- 
ference. At half this height the measurement for the 
mean girth of the timber in the stem of the tree is 
taken. One-fourth this girth is assumed to be the side 
of the equivalent square area. The buyer has generally 
the option of choosing any spot between the butt end 
and the half-height of the stem as the girding place. 
All branches, as far as they measure 24 inches in girth, 
are measured in with the tree as timber. 

Proportions of Metals for the Production of Useful AUoys 

{W, Templeton), 



Babbitt's 

Bearings for machinery 

Bell metal for large bells 

,, „ small 
Brass, hard . 
sheet . 
yellow 
„ deep yellow 
Bronze . 






»» • 
Gun metal . 

»» »» • 

Muntz's metal 

Spelter copper for brass 

„ yy copper and iron 

61azier*s solder . . . . 
Plumber's „ . . . . 

Tinman's „ . . . . 



Copper 


Tin 


Zinc 


1 


60 




16 


2* 


i 


8 


2 





16 


6 





H 


1 





3 





1 


2 





1 


1 





2 


H 


1 





9 


1 





11 


2 





8 


1 


1 


^ 





1 


1 





1 


16 





12 


Lead 






3 


1 





1 


1 





2 


1 

1 
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Table of Mechanical Prop'^ti'>s of th** Materials of Construction. 







P. Value of 1 


Valiie of a 






Weijfht of a 


thp Coefficient 


R'^i stance 


Tenacity rer 




Cubic Foot 


of Alwolute 


to Crushing 


Square Inch 




in Lbs. 


TrHiisvorsc 


per ><iuare 


in Lbs. 


9 

Ash or beech 




Strength 


lucli in Lbs. 




47-53 


12,156 


9,000 


14,700 


Box, dry . 


60 




10,300 


19,800 


Brass, cast . 


525 


18,000 


10,300 


18,0QO 


Bricks 


130 




560-800 


280 


Brickwork . 


112 


280-300 






Chestnut . 


41 


10,660 




11,900 


Clay . . . . 


119 




, 




Coal . . . . 


77-100 


— 


— 




Copper, cast 


549 


19,000 


— 


19,000 


Deals, red . 


36-43 


9,372 


6,586 




„ spruce 


21 


9,900 


6,293 




Earth, rammed . 


99 






— 


Elm . . . . 


36 


6,690 


10,300 


14,200 


Fir, Riga . 


47 


6,648 


6,000 


12,000 


Glass, plate 


153 


9,400 




9,400 


Gold .... 


1,203 




— 


— 


Granite 


165 








Gravel 


120 








Iron, wrought . 


481 


42,000 


40,000 


51,000 


„ cast solid . 




39,000 


115,000 


20,000 


Ivory .... 


114 


— 


— 




Trance wood 


63 


17,350 


— 


23,000 


Tiarch 


32 


5,118 


6,570 


9,500 


Lead . . . . 


712 


3,300 




3,300 


Mahogany, S. . 


50 


11,500 


8,200 


19,000 


Marble 


164 




6,060 




Marl .... 


118 








Mercuxy . 


848 






— 


Mortar 


107 


50 




60 


Oak, E. . . . 


58 


10,032 


10,000 


13,300 


„ Dantzic 


47 


8,742 


7,700 




„ Canadian . 


54 


10,596 






Pine, pitch 


41 


9,792 


6,790 


7,800 


„ red . 


48 


8,0 16 




7,800 


„ American yellow 


28 


6,612 


5,400 




Poplar 


23 






6,016 


Sand, river 


117 


— 






Silver 


644 








Slate . . . . 


180 


9,600 




12,000 


Steel . . . . 


486 


100,000 




100,000 


Stone. 


120-170 


1,100-2,360 


6,000 




Teak . . . . 


41 


14,772 


12,000 


12,460 


Tin, cast . 


455 


4,600 




4,600 


Walnut . 


41 




7,227 


8,460 


Water 


62 






— 


Zinc . . . . 


439 


7,000 




7,000 
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Degrees of Temperature necessary to effect the Practical Colour 
on Ha/rdened Steel for the Various Purposes to which Edge 
Tools a/re applied. 

Hatchets, chipping chisels, planing knives, &c., and 
other percussive tools, 500° to 520% light straw colour, 
a brown yellow or yellow slightly tinged with purple ; 
do., 530°, light purple ; springs, 550°, dark purple ; do,, 
570°, dark blue. 

Bed heat of a common fire equals about 1,200° F., 
and white heat of a smith's forge 2,900° P. 

Turner's Cem&ntfor Secv/ring Work in Lathe. — Take 
Burgundy pitch 1 lb., resin 1 lb., dry whiting 1 lb., 
yellow wax 1 oz. ; melt in an earthenware pipkin and 
thoroughly mix. 

Babbitt's antifriction metal for bearings is composed 
of one part copper, five parts arltimony, tin fifty parts. 

Method for Hardening Cast Steel. 

Four parts of powdered yellow resin and two parts 
of train oil are carefolly mixed, and one part of heated 
tallow added. The object to be hardened is dipped 
into this mixture red hot, and is allowed to remain in it 
until it is quite cold. Without having previously 
cleaned it, the steel is again put into the fire, and is 
then cooled in boiled water in the ordinary manner. 
The edges of tools thus hardened wear excellently. 
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ABR 

ABRUPT angles or changes of diameter 
in spindles to be avoided, 283 
Absorption of vibration by wooden 

framings, supposed, 15 
Air cylinder for cushioning saw frame, 

282 
Adjustable packing pieces for circular 

saws, 24 
Adinsting cutters, 278 
Ac^usting screws for regulating tenon- 
cutter slides, 175 
Advantages in using band sawing ma- 
chines, 147 
Alloy for bearings, 298 
Alloys, production of, 850 
American circularsaws, thick gauge of,dl 
American planing machines, 88 
American rack bench, origin of, 8 
Amontons, 285 

Ancient saw frame described, 85 
Angle of cutting edge of cross-cutting 

cutters, 342 
Angles of cutting edge of plane irons, 342 
Angles of saw teeth for cutting hard and 

soft wood, 826 
Antifriction metal, Babbitt's, 852 
Arrangement of saw mills, 267 
Arranging shafting for a saw mill, 806 
Artificial seasoning of timber, 824 
Asbestos for packing piston rods, &c., 265 
Ashlar masonry for reciprocating ma- 
chine foundations, 801 
Auger for circular tenoning, 205 
Automatically adjustable side cutter 

for planing machines, 108 
Automatic l^lt-tightener, 179 
Automatic damper for steam boilers, 264 
Automatic self-oiling bearings, 297 

BABBITT, J., 294, 852 
Backing and hollowing cask 
staves, 211, 218 
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Band friction in lieu of clutch coupling, 

310 
Band knife machine for cutting cloth, 129 
Band-saw blades, speed of, 147 
Band-saw blades, sliHrpening, 223 
Band-saw blades, setting teetn of, 147, 224 
liand-saw blades for cutting iron, 338 
Band-saw setting machine, 388 
Rand-saw blades, brazing of, 339 
Band-saw blades, quality and temper of, 

889 
Band-saw blades, prevention of break- 
age, 340 
Band-saw blades, gauges of, 341 
Band-saw blades, expansion and con* 

traction of, 336 
Band-saw blades, teeth of, 341 
Band sawing machine, on designing a, 

143 
Band sawing machine, the first, 119 
Band sawing machines, self-acting gear 

for, 145 
Band or ribbon saws, strains on, 336 
Band-saw guide, 135, 145 
Band-saw wheels, wrought-iron, 138 
Band-saw wheels, wooden, 136 
Band-saw wheels, to angle, 145 
Band saws for cutting iron, 146 
Band saws of thin gauge preferable, 

147 
Band saws for cutting ships' timbers, 124 
Bearings, adjustable for wear, 295 

— alloy for, 82 

— cadmium as an alloy for, 294 

— cast in chills, 291 
— - cast iron for, 296 

— conical, 299 

— firing or seizing, 295 

— fitting, 296 

— footi<tep, 298 

— extended in length, 290 

— kept cool by water, 290 
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BIA 

Beuingi, metals nted for, 291 

— phosphor bronze for, 292 

— self Inbricating, 809 

— BQbf ect to great preesnre, 899 

— white met&l alloys for, 294 
Bearings for wood-working machineiy, 

286 
Belt gearing, 818 
Belts and toothed gearing eompared, 812 

— at short centres, 273 

— cotton do., 8 18, 314 

— driving of woven crucible steel, 816 

— driving slip of, 814 

— for high-speed niaehinerj, 807 

— hints on, 816 

— leather, stren^h o^ 815 

— leather, working tension table of, 315 

— paper for driving, 818 

— should run smooth surface to pulley, 
278 

<•— tightener, automatic, 179 

— to increase driving power o(^ 807 

— twisted, 815 

Binding wooden hoops for casks, 299 
Beiitham, Sir Samuel, 2, 71, 78, 149, 165, 

171, 186, 192, 227 
Bevans, 76 

Bevel, double, for cutters, 848 
Bevel sawing, diagram for guiding, 248 
Blsnchard, 199 

Blind slat tenoning machine, 176 
Block, cutter, speed of, for planing, 197 
Blyth, 290 
Boilers, 259 

— corrosion of, 261 

— steam, incrustation in, 260 

— steam, setting, 264 

Boring and mortising machines, de- 
signing, 169 

Boring auger, expanding, 156 

Bow saw, hand, 138 

Box framing, introduction of^ 15 

Boyd, 198 

Bramah, J., his first planing machine, 74 

Breakage of band-saw blades^ preven- 
tion of, 122 

Blown and Plwket, 207 

Brown, S., 209 

Brunei, Sir I. K., 6, 149, 192 

Bungs, cylindrical saw fur cutting, 215 



CADMIUM as an alloy for bearii!»gs,294 
Cakttlating speeds of shafts and 
diameter of pulleys, 847 
Cams for working mortising chisels, 154 
Cam, triple action, 141 



cou 

Cask staves, dressing, 216 

hollowing and backing, 211, 218 

Jointing, 214, 217 

mill-web saws for cutting, 210 

Castings, oontracti<Hi in, 280 

— qusJity of iron for, 281 

Cast iron for bearfngs, 296 

Cast steel, method of hardening, 852 

Castor oil as a dressing for leather, 320 

Chamfering cask staves, 214 

Chain feed for deal frames, 54 

Chisels, mortising, reversing motion of, 

158, 154, 160, 164 
Chisds, mortising, worked by cams, 154 
Chisels, mortising, with serrated back, 

159 
Chutels, redprocatrng, for eatfcing dove- 
tails, 186 
Circular saws above 86 in. diameter, 32 

adjustable packing pieces for, 24 

American thick gauge of, 31 

and straight, 825 

arranged for cutting upwards, 234 

—— '— bench, the first, 6 

benches, designing, 32 

for cutting veneers, 194 

for surfacing, 9 

for cutting dove-tails, 188 

guard and guide for, 329 

* packing ' of, 828 

prevention of undue friction in, 12 

« dished,' 81, 93, 139 

sharpening and setting, 331 

speed of teeth, 19 

suitaUe gauges for, 330 

trepanning, 168 

Classes of saws, 325 

Clutch coupling, friction band in lien 

of, 320 
Cog or mortise wheels, 311 
Collars for 'drunken' saws, 34 
Colour of veneers damaged by steaming, 

192 
Compressed air utilised for stretching 

saws, 46 
Compressive strain, 65 
CompasitioD of woods, 350 
Compound treadle for mortising mi- 

chine, 163 
Cone vice coupling for line shaftiDg, 

306 
Contraction in castings, 280 
Cork wood, difficulty of working, 287 
Corrosion of steam boUers, 261 
Cotton driving belts, 313, 314 
Coulomb on friction, 286 
Couplings for mill shafting, 306 
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cou 

Connterbalmnoed or equilibriam saw- 
frame, 41 

Covering, paper, for pulleys to inoreaae 
driving, 307 

Crank shafts, 65 

Croes-catting saws, 888 

Croflft-catting cuttera, angle of, 842 

Croziug cask staves, 214 

Cumberland, I., 87 

Cushioning cylinder for saw frames, 280 

Cutter block, speed of, for planing, 107 

Cutter blocks, necessity of balancing, 288 

Cutter blocks, 73 

Cutter blocks, tenoning screws for ad- 
justing, 175 

Cutter blocks, balancing, 107 

Cutters, conical, for dove-tailing, 186, 
189, 190 

Cutters, adjusting, 278 

Cutters, 842 

Cutters, tempering, 848 

Cutters for tenoning machine, 179-342 

Cutters, planing, improved method of 
arranging, 101, 102 

Cutters, fixed, for planing, 102 

Cutters, expanding, 158 

Cutter tenoning machine working 
across the grain of the wood, 172 

Cutting cork wood into sheets, 238 

Cutting edge of plane irons, angle of 
bevel, 842 

Cutting iron, band saws for, 888 

Cutting oval tenons, 174 

Cutting piles under water, 40 

Cutters, spiral, for chamfering and re- 
cessing, 215 

Cutting timber finom the dicnmferenoe 
inwuds, 9 

Cutting with the grain of the wood not 
recommended for dressing spokes, 201 

Cylindrical gouges, 98, 845 

Cylindrical saw for cutting bungs, 216 

Cydoidal teeth for wheels, 311 



T\AMP£R, automatic, ibr steam 

IJ boilers, 264 

Daniels' planing machine, 88 

Deal firame, feed motions for, 54 

Decomposition of wood, 823 

Designing a band sawing machine, 143 

— a circular saw bench, 82 

— a general joiner, 185 

— mortising and boring machines, 169 

— moulding and planing machines, 104 

— tenoning machine, 177 

— timber and deal frames, 64 



FIR 

Diagram for guiding bevel sawing, 243 
Diameter of pulleys and speeds of shafts^ 

calculating, 847 
Difficulty of working oerk wood, 287 

* Disked ' circular saw, 81, 93, 139, 208 
Disc feed for moul(Mng machine, 96 
Disc, ateel, for dressing faces of grind- 
stones, ^6 

Disc, emerr, for sharpening saws, speed 

of, 220 
Discs, frictional, 116 
Double bevel for cutting tools, 848 
Double-cone vice coupling, 306 
Double rack feed for saw frames, 59 
Dove-tailing, conical cutttnrs for, 186, 

189, 190 
Dove-tailing, MciprocatiBg chisels for, 

186 
Dressing staves for casks, 216 
DressiBg face of grindstones, 226 
Driving belts, 813 

cotton for, 313, 314 

paper for, 318 

Driving pulleys, width of, 33 

* Drunken ' saws, collars for, 34 



EASTMAN, R., 9 
Eccentric, variable, for altering 
throw of mortise chisels, 165 
Edging staves for casks, 217 
Eraerv disc, for sharpening saws, speed 

of, 220 
vitrified, for sharpening saws, 220 

— hone for finishing cutters, 225 
Engines, high-pressure condensing, 256 

— small high-speed, 258 

— vertical, combined with boiler, 258 
Expanding boring augei^ 156 
Expanding cutters, 153 

Expansicm and contraction of band-saw 
blades, 886 

— — of saws, uniform, 830 
Equilibrium or counterbalanced saw 

frame, 41 



FARRAB, James, 91 
Fast and loose pulleys, 309 
Fay, J. A^ 174 
Feed, gradual, for mortising chisels, 162, 

164 
Feed,vertical,for mtNrtising machines,157 
Felling trees, time for, 323 
First band sawing machine, 119 
First hand-power mortising machine,229 
First planing madiine, 70 
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First tenoning machine, 174 

Fitting bearingn, 295 

Fitting feather on mortising chisels, 280 

Fixed cutters for planing, 102 

Fixing machines on unsoond founda- 
tions, 800 

Fixing mortising chisels, 280 

Fly press for gulleting saws dispensed 
with, 222 

Footstep bearings, 298 

Forging spindles, 284 

Foundations, machine, 300 

Framing, box, introduction of, 15 

Framing of machines with a recipro- 
cating motion, 282 

Framings, vibrating strains on, 277 

Framings of wood-working nftachine8,277 

Fret saws, method of holcUng, 148 

Frictional discs, 116 

Friction band in lieu of clutch coupling, 
810 

Friction on band or ribbon saws, 386 

Friction, on, 286 

Friction on line shafting, method of re- 
ducing, 808 

Friction on saws, 880 



GAUGE, thin, preferable for band saws, 
147 

Gauges suitable do. do., 840 

Gauges suitable for circular saws, 880 

Gauges suitable for straight saws, 881 

Gear, Andrew, 1 18 

Gearing and shafting, 805 

(jearing,bek,for transmitting motion,813 

Gearing, toothed, do. do., 310 

General >oiner, designing a, 185 

Gibbs and Gatley, 41, 210 

Gibbs, J., 249 

Glue for fastening leather to iron, 820 

Glue, waterproof, 819 

Gouges, cyhndrical, 93, 845 

Gouges,, double, 157 

Gouges, tempering, 346 

Government inspection of steam boilers, 
264 

Gradual feed for mortising chisels, 162, 
164 

Graduated stroke for mortising ma- 
chines, 163 

Gravities,8i)ecific, of seasoned timber, 149 

Green, 211 

Green timber, sawing, 384 

Greenwood and Sayner, 8 

Grindstones, dressing the face of» 226 

Guard, self-adjusting, 117 



LIN 



Guard and guide for circular saws, 329 

Guide for band saws, 185, 145 

Gun stocks, recessing method of, 245 



HAIGH, 40 
Hammond, Charles, 10, 39 

Hand planes, 67, 68 

Hard woods, saws for cutting, 322, 326 

Hardening cast steel, 852 

Hatton, 70 

High-speeded deal frames, feed for, 55 

High-speed engines, small, 258 

High-speed machinery, belts for, 307 

starting, 310 

HinU on belts, 816 

Holland, 829 

Hollow auger for tenoning, 205 

Hollow cutter-block and spindle for 
dressing spokes, 199 

Hollowing and backing cai^ staves, 
211, 217 

Hone for finishing cutters, 225 

Hoops, wooden, tending, 209 

Hunter, WiUiam, 93 

Hydraulic or hydrostatic travelling ta- 
ble, 74 



TLL-CONDITIONED timber, 324 

-L Increased feeding power for iret 

timber, 53 
Incrustation in steam boilers, 260 
Intermediate pinions, 311 
Involute teeth for wheels, 311 
Irons, fixed, for planing, 345 
Irons, moulding, 844 



JOINER, general, designing a, 185 
Jointing cask staves, 214, 217 
Jointing or brazing band saws, method 

of, 839 
Joints, compressed wood pulp for, 266 
Jordan, 199, 249 



KNIFE for cutting veneers, 193, 195, 
196 



LEATHER belting, hints on, 316 
Leather, dressing for, 320 
Leather, to preserve, from mould, 319 
Length and diameter of bearings, 290 
Line shafting, speed of, 805 
strains on, 805 
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Line shafting, arranging, for saw mills, 

306 
Link motion on mortising machines, 

invention of, 151 
Load, suddenly applied, 280 
Loose pulleys, 309 
Lubricants for bearings, 296 
Lubricants for bearings subject to heavy 

pressure, 299 
Lubricating bearing, self, 809 



MACHINE foundations, 300 
Machinery, high-speed, starting, 
310 

Masoniy for reciprocating machine 
foundations, 301 

Maudsley, H., 10, 89 

Measurement of timber, 350 

Metals used for bearings, 291 

Method, improved, of arranging cutters 
for planing machines, 101 

Method of brazing band saws, 839 

Method of hardening cast steel, 352 

Method of holding fret saws, 143 

Method of packing circular saws, 328 

Method of pressing circular saws in- 
stead of hammering, 328 

Method of sharpening and setting saw 
teeth, 331 

Mill saws, method of stretching, 87 

Mill shafting, speed of, 305 

couplings for, 806 

Mills, saw, arrangement of, 267 

Mill-web saws in section, 334 

Mill-web saws for cutting cask stave8,2 10 

should be groiud thinner to- 
wards back, 384 

Mortising and boring machines, de- 
signing, 169 

— auger for forming square holes, 151 

— chisels, gradual feed for, 162, 164 

— chisel with serrated back, 159 

— chisel, fitting feather to, 230 
fixing, 230 

Mortise or cog wheels, 811 
Mortising machines, Brunel*s, 148 

chisels, reversing motion for, 158, 

154, 160, 164 

classes of, 148 

double gpuge for, 167 

for forming carpenters' planes, 152 

graduated stroke for, 163 

link motion, on invention of, 151 

triangular wedge piece for ob- 
viating jar on, 155 
vertical feed for, 157 



PLA 

Motion, gearing, toothed, for trans- 
mitting, 310 

Motion, swivelling, for table of tenon- 
ing machine, 175 

Motive power for driving wood-working 
machinery, 250 

Moulding irons, 844 

Mouldings, preparing wood for, 272 

Muir, Malcolm, 79 

Murdock, 168 



NECESSITY of balancing cutter 
blocks, 283 
Newberry, William, 119 
Novel method of driving a saw frame, 42 
Novel self-acting feed, 241 



OBJECTIONS to punching saw teeth, 
328 
Oil, castor, as a dressing for leather, 320 
Outside cutter moulding machine, 109 
Oval tenons, cutting, 174 



PACKING for piston rods, 265 
Packing pieces, adjustable, for cir- 
cular saws, 24 

Page, E., 241 

Paper covering for pulleys, to increase 
driving power of belts, 307 

Paper for driving belts, 313 

Parquet flooring, preparing, 98 

Patterns for castings, 272 

Peculiar motion given to circular saws 
for cutting dove-tails, 177 

P^rin, M., 120 

Phosphor bronze for bearings, 292 

Piles, cutting, under water, 40 

Pipes, steam, covering of, 265 

Pinions, intermediate, 311 

Pinus family, 321, 326 

Planing irons, fixed, 345 

— machine, American, 88 

automatically adjustable side cut- 
ter for, 103 

balancing cutter block of, 107 

bearings of, 106 

cutters, spiral or twisted, 101 

Daniels', 88 

designing, 104 

duplicate set of top cutters, 106 

flexible chain-feed bed for, 91 

important element in worldng, 1 05 

improved method of arranging 

cutters, 101, 102 
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Planing machine, outaide cutter, 109 

roller-feed, 89 

raindlea of, ibr finishing, 14K 

the first, 70 

thin-wood, 109 

— — traT«rBe^89 

Woodworth, 88 

Flasket and Brown, 207 

Positive stroke in mortising macUnes 

objectionable, 161 
Power gradnallv applied, 280 
Power, transmitting, for high-speeded 

macbineiT, 816 
Press, fly, for guUeting saws, dispensed 

witb,222 
Preventkm of breakage of band-saw 

blades, 846 
Prevention of end plar in mill shafting, 

806 
Prevention of dipping of belta, 807 
Prevention of undue friction to circular 

saws, 12 
Production of useful aUoys, 860 
Pulleys, diameter and q>eed8 of shafts, 

calculating, 847 
Pulleys, fast and loose, of varying dia- 
meters, 869 
Pulleys, loose, 809 

QUALITT of iron for castings, 281 
Quality and temper of oand-saw 
blades, 88l) 

RACK BENCH, Aaaerican, origin of, 8 
Back faed, double, for saw frames, 69 

improvement in, 81 

Reasons for saws running ont of truth, 

880 
Recessing and cham^sring with spiral 
cutters, 216 

— ^un stocks, method of, 246 
Reciprocating motion for mortising 

chisels, 168, 164, 160, 164 
Reciprocating chisels for cutting dove- 
Uils, 186 

— saws for cutting cask staves, 210 
Reducing friction on line shafting, 

thod of, 308 
Rennie, 6.,286,287 
Reversing cutter spindles, 116 
Revolving tool box for mortising 

chines, 288 

— wedge, 80 

Ribbon or band saws, 386 

for cutting hard woods, 841 

iron, 838 



SSL 

Ribbon or band saws, setting of^ S38 

shape of teeth* 841 

sttaioa on, 836 

Robertson, 211 

Rods, piston, packing for, 265 

Roller-iBed planing machine, 89 

Rolling action for reducing friction, 291 

Rotative motion, 78 

Rules and tables, 847 



SAND-PAPERING flat sorfaoes, 240 
Saw frame, ancient, described, 85 
— - — counterbalanced or equilibrium, 41 

— — novel method of driving, 42 
Saw frames, reducing vibration in, 301 
Sawing green timber, 884 

Saw milb, arrangement of, 267 
Saw teeth, objections to gnUeting witb 
punch, 328 

— — sharpened unifimnly, 327 

— — tendency to assume original posi- 
tion, 381 

Saw-sharpening machine, speed of, 220 
Saws, band, for cutting hard woods, 341 

— — — — iron, 838 

of thin gauge preferable, 147 

or ribbon, 836 

setting, 838 

— — shape of teeth, 841 
strains on, 886 

Saws, circular, arranged to cut upwards, 
264 

shape of teedi of, 885 

dass of, 826 

guard and guide, 829 

to cutting soft woods, 822, 826 

cedar, 322 

hard woods, 322, 326 

method of packing, 328 

table of gauges, suitable, 880 

Saws, cross-cutting, 838 

— mill-web, for catting cask staves, 210 

— running out of truth, reason for, 330 

— sharpening and setting teeth o^ 331 

— straight, in section, 8^ 

and circular, 324 

Sayner and Greenwood, 8 

Screws for adjusting tenoning machine 
cutter-blocks, 176 

Seasoning timber, artificial apparatus 
for, 324 

Sectional or Mse teeth of circular saws, 9 

Self-acting feed gear for band saws, 145 

Self-acting feeds, 66 

vertical feed for mortising ma- 
chines, 167 
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Self-acting feed, novel, 241 

— adjusting guard, 117 

— oiling bearings, 297 

— lubricating l^arings, 809 
Setting teeth of band-saw blades, 147 

— veneer slicing knives, 197 
Shafting and gearing, 305 
Shafts, crank, 65 
Sharpening band-saw blades, 223 

— and setting teeth of saws, 331 
Shell bearings kept cool bj water, 290 
Ships' block mortising machines (Bru- 
nei's), 150, 224 

Short driving belts, 273 

Single-blad^ saw frames, 66 

Slender grounds of noveltj on which 

patents are granted, 221 
Slicing veneers, 192 
Slip of driving belts, 314 
Southern, 287 
Specific cohesion and strength, and the 

resistance of wood to pressure, 348 
Specific gravities of seasoned timber, 349 
Speed of band-saw blades, 147 

for cutting iron, 146 

cutter block for planing, 107 

irregular moulding and shaping 

machines, 117 

mill shafting, 805 

teeth of circular saws, 19 

saw-sharpening machine, 220 

shafts and diameter of pulleys, 

calculating, 347 
Spherical circular saw for stave-cutting, 

208 
Spindles, reversing eutter, 116 
Spindles, abrupt angles or changes of 

diameter in, to be avoided, 283 
Spindles, forging, 284 
Spiral cutters, for chamfering and re- 
versing, 215 
Spiral or twisted cutters for planing, 101, 

342 
Starting high-speed machinery, 310 
Staves, caskjchamfering and crozing,214 
Staves, cask, (Jressing, 216 
Staves, cask, hollowing and backing, 211 
Staves, cask, jointing, 214, 217 
Steam boilers, 259 

corrosion in, 261 

Government inspection of, 264 

incrustation in, 260 

setting, 260 

springing action in, 262 

Steam joints, compressed wood pulp 

for, 266 
Steam pipes, covering for, 265 



TIM 

Steel, cast, method of hardening,. 352 

— hardening, for cutters, 352 

Stocks, gun, method of recessing, 245 

Strains, compressive, 65 

Strains on line shafting, 305 

Strength of leather belts, 815 

Stretching mill-web saws, method of, 37 

Stretching mill-web saws by means of 
compressed air, 46 

Stroke, graduated, for mortising ma- 
chines, 163 

Suddenly applied load, 280 

Surfacing, circular saw for, 9 

Swing frame, on, 65 

Swivelling motion for table of tenoning 
machines, 175 



TABLE of suitable gauges for band- 
saw blades, 340 
Table of do. circular saws, 330 

straight saws, 331 

Tables and rules, 347 
Teeth, cycloidal, for wheels, 811 
Teeth, involute, for wheels, 311 
Teeth of band-saw blades, setting of, 
147, 224 

shape of, 341 • 

for cutting iron, 336 

saws, sharpening and setting, 881 

Temperature necessary to effect colour 

in hardening steel, 353 
Temperature for artificial seasoning of 

timber, 324 
Tempering cutting tools, 343 
Tempering gouges, 346 
Temper of band-saw blades, 847 
Tendency of saw teeth to assume origi- 
nal position, 331 
Tenon- cutting, auger for, 205 
Tenoning machines, classes of, 171 
cutter blocks, screws for adjust- 
ing, 175 

cutters working across the grain of 

the wood, 172, 342 

designing, 177 

swivelling hiotion for table of, 175 

Tension, working, of leather belting, 315 
Thin-gauge band saws are preferable, 147 
Thin-wood planing machine, 109 
Thouard, M., 120 

Timber and deal frames, designing, 64 
Timber, artificial, seasoning of, 324 
Timber-cutting from exterior to centre, 9 
Timber, peen, sawing, 334 
Timber, ill-conditioned, 324 
Timber, measurement of, 350 
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Timber, specific ^yities of, 849 

Tool box, revolvmg, for mortising ma- 
chines, 288 

Toothed and belt gearing compared, 812 

Toothed gearing for transmitting mo- 
tion, 810 

Touroade, H., 119 

Transmitting power in high-speed ma^ 
chinery, 816 

Travelling table, hjdraolic or hydro- 
static, 74 

Traverse planing machine, 89 

Treadle, compound, for mortising ma- 
chines. 168 

Trepanmng saw, 168 

Trees, time for felling, 828 

Triangular wedge piece for obviating 
vibration, 156 

Triple-action cam, 141 

Trotter, 82 

Tamer's cement, 852 

Taming up face of grindstone, 226 

Twisted belts, 815 

UNGUENTS for bearings, 296 
subject to heavy pressure, 

299 

VACUUM cylinder for counterba- 
lancing saw fhune, 45 
Variable eccentric for aJtedng throw of 

mortising chisels, 165 
Various forms of saw teeth, 385 
Vegetable substances for bearing sur- 
face, 294 



WRO 

Veneer-cutting machines, classes of, 192 
•^ steaming process, 192 
— knife for, 198,195, 1^6 
Vibrating strain On fraknin^ 277 
Vibration, supposed absorption of, 15 
Vibration, reducitig, ih saw frames, 801 
Vince, De, 286 

Vitrified emexy di^ for sharpening 
saws, 220 



WATERPROOF glue, 819 
Wedge, revolving, 80 

Wet or frozen timber, increased feeding 
power for, 58 

Wiiite metal alloys for bearings, 294 

Wheels, mortise or cog, 811 

Wood, 821 

Wood, decomposition of, 328 

Wooden band-flaw wheels, 186 

Wooden hoops, bending, 209 

Wood pulp, compressed, for steam joints, 
266 

Wood, preparing, for mouldings, 272 

Wood, its resistance to pressure and 
specific cohesion and strength, 348 

Wood, scrying surface of, 97 

Woods, composition of, 350 

Wood-working machines,framing8 of ,277 

Woodworth's planing machine, 88 

Working tension of leather belting, 
table of, 815 

Woven crucible steel for driving belts ,316 

Wrought-iron band-saw wheels, 133 

Wrought iron foced with steel for cut- 
ters, 848 



tOVDOV I PRCfTED BT 

SPOTTXSWOODB AND CX)., HBW-gTBSBT 8QUARB 

AND PABLIAHXKT BTBBBT 



London, March, 1S78. 



INCLUDING MANY 



NEW & STANDARD WORKS 

IN 

ENGINEERING, ARCHITECTURE, 
AGRICULTURE, MATHEMATICS, MECHANICS, 

SCIENCE, &c. &c 

PUBUSHBD BY 

CROSBY LOGK^WOOD & CO., 

7, STATIONERS'-HALL COURT, LUDGATE HILL, E.C. 



ENGINEERING, SURVEYING, &C. 

« 
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A COMPREHENSIVE TREATISE on t^ WATER-SUPPLY 
of CITIES and TOWNS. By William Humbbr, Assoc. Inst 
C.E., and M. Inst M.E. Author of <<Cast and Wrought Iron 
Bridge Construction," &c.' &c. Imp. 4to. Illustrated with 50 
Double Plates, 2 Single Plates, Coloured Frontispiece, and upwards 
of 250 WoodcutSy and containing 400 pages of Text, elegantly and 
substantially half-bound in morocco. 61, 6s. 

List of Cenientti— 

I. Historical Sketch of some of the means that have been adopted for the Supply 
of Water to Cities and Towns.— >I I. Water and the Foreign Matter usually asso> 
dated with it. — III. Rainfall and Evaporation. — IV. Springs and the^water- 
beuing formations of various districts.— •¥. Measurement and Estimation of the 
Flow of Water.—VI. On the Selection of the Source of Supply.— VII. Wells.— 
VIII. Reservoirs.— IX. The Purification of Water.— X. Pumps.— XL Pumping 
Machinery.— XII. Conduits.— XIII. Distribution of Water.— XIV. Meters, Ser- 
vice Piptt* and House Fittings.- XV. The Law and Economy of Water Works.— 
XVI. Constant and Intermittent Supply. — XVII. Description of Plates.— Appea- 
daces, giving Tables of Rates of Supply, Velocities, &c. &c., together with 
Specifications of several Worics illustrated, among which will be found : — ^Aberdeen, 
Bideford, Canterbury, Dundee, Halifax, Lambeth, Rotherham, Dublin, and others. 

OPINIONS OF THE PRESS. 

" The most systematic and valuable work upon water supply hitherto produced in 
EngUsh, or in any other language." — Engineer (first notice). 

'* Mr. Humber s work is characterised almost throughout by an exhaustiveaess ■ 
much more distinctive of French and German than of English technical treadaes."— 
EMgi$uer (third notice). 

"We can congratulate Mr. Humber on having been able to give so lai^ge an 
amount of informattoa on a subject so important as the vrater supply of cities and. 
towns. The plates, fifty in number, are mostly drawings of exectUed works, and 
alone would have commanded the attention of every engineer ndiose practioe auy V» 
in this branch of the profession."— ^f/r7r/irr. 
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Humbet^s Modem Engineering. First Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1S63. Comprising Civil, Mcrhaniol, Marine, Hydiaulic, 
Railway, Bridge, and other En^eering Works, &c. By William 
H UMBER, Assoc lust C.E., &C. Imp. 4to, with 36 Doabk 
Plates, dxawn to a large scale, and Photographic Portrait of John 
Hawkshaw, CE., F.R.S., &c 3/. y. ha& morocco. 

IJsi oj the Plata. 

NAMB AND DBSCKimOM. FLATES. NAMB OF RNGIKZEK. 

▼fctoria Station and Roof— L^ B.& S. C RaiL i to 8 Mr. R. Jacomb Hood, CE. 

Southport Pier 9 and 10 Mr. James Bnmkes, C.E. 

Victoria Station and Roof— L. C. & D. & G. W. 

Railways zitoxsA Mr. John Fowler, CE. 

Roof of Cremorne Music Hall x6 Mr. wilSam Humber. C JL 

Bridse over G. N. Railway 17 Mr. Joseph Cubit^ CE. 

Roof of Station— Datch Rhenish Railway .. 18 and 19 Mr. Euscnedi, CE. 
Bridge over the Thames— West Loodim Ex- ^^ 

ten&ion Railway ao to 94 Mr. William Baker, CE. 

Armour Plates 25 Mr. James Chalmers, CE 

Suspension Bridge, Thames 961099 Mr. Feter W. Barlow, CE. 

The Allen Engine 30 Mr. G. T. Porter, M.E. 

Suspension Bndge, Avon 31 to 33 Mr. John Hawksbaw, CE. 

and W. R Bailow, CE. 

Underfround Railway 34^3^ Mr. John Fowler, CE. 

With copious Descriptive Letterpress, Specifications, &c. 



" Handsomely !ithog;raphed and fxrinted. It will find favomr with many who desire 
to preserve in a permanent form copies of the plans and specifications prepared for the 
g;uidance of the contractors for many inqxvtant engineering works.*— vfj*,f«i«rr. 

Humbet^s Modem Engineering. Second Series. 

A RECORD of the PROGRESS of MODERN ENGINEER- 
ING, 1864 ; with Photographic Portrait of Robert Stephenson, 
C.E., M.P., r.R.S., &C. 3/. y. half morocca 

List 0/ th€ Plates. 

NAMB AND DBSCRIFriON. PLATBS. NAMB OP BIfGINEXS. 

Birkenhead Docks, Low Water Basin x to 15 Mr. G. F. Lyster, CE. 

Charing Cross Station Roof— C C. Railway. 16 to 18 Mr. Hawkshaw, C.E. 

Digswell Viaduct— Great Northern Raflway. 19 Mr. J. Cubitt, CE. 

Robbery Wood Viaduct— Great N. RaUway. ao Mr. J. Cubitt, CE. 

Iron Permanent Way ao« -^— 

Clydach Viaduct— Merthyr, Tredegar, and 

Abo^yenny Railway ax Mr. Gardner, C.E. 

Sbbw Snaduct ditto ditto ditto 99 Mr. Gardner, C.E. 

College Wood Viaduct— Cornwall Railway . . 93 Mr. BnmeL 

Dubhn Winter Palace Roof 24 to 96 Messrs. Ordish& Le Feuvre. 

Bridge over the Thames— L. C & D. Railw. 97 to 3a Mr. J. Cubitt, CE. 

Albeit Harbour, Greenock 331036 Messrs. Bell & Miller. 

With copious Descriptive Letterpress, Specifications, &c. 



" A risumS of all the more interesting and important works lately completed in Great 
Britain ; and containing, as it does, carefully executed drawings, with full working 
details, it will be found a valuable accessory to the profession at large.**— ^Mt^wMrr. 

" Mr. Humber has done the profession cood and true service, by the fine coUectioB 
of examples he has here brougnt before ue profession and the public"— /'m^/^w/ 
Mechanic*' yonmaL 
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Humberts Modem Engineering. Third Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1865. Imp. 4to, with 40 Double Plates, drawn to a lai^e 
scale, and Photo Portrait of J. R. M*Clean, Esq., late President 
of the Institution of Civil Engmeers. 3/. 3J. half morocco. 

List of Plates and Diagrams, 



MAIN DRAINAGE, METROPOLIS, 

North Sidb. 

Plate I. Map showine Interception of 
Sewers.— 2 and 3. Middle Level Sewer. 
Sewer under Regent's Canal ; and Junc- 
tion with Fleet Ditch.— 4, 5, and 6. Out- 
fall Sewer. Bridire over River Lea. 
Elevation and Details. — 7. Out&ll 
Sewer. Bridge over Marsh IJuie, North 
Woofwich Railway, and Bow and Barkinff 
Railway Junction.— 8, 9, and xo. OutfaU 
Sewer. Bxidfe over Bow and Barking 
Railway. Elevation and Details.— 
zx and xa. Outfall Sewer. Bridge over 
East London Waterworks' Feeder. Ele- 
vation and Details. — X3 and 14. Outfall 
Sewer. Reservoir. Plan and Section. — 
15. Outfidl Sewer. Tumbling Bay and 
Outlet— x6. Outfall Sewer. Penstocks. 

South Sidb. 

Plates X7 and x8. Outfall Sewer. Ber- 
mondsey Branch.— 19, ao, 31, and aa. 



MAIN DRAINAGE, METROPOLIS, 

continued— 

Outfall Sewer. Reservoir and Outlet. 

Plan and Details.— 23. Outfall Sewer. 

Filth Hoist. — 84. Sections of Sewers 
(North and South Sides}. 

THAMES EMBANKMENT. 

Plate as. Section of River Wall.— 
a6 and 37. Steam-boat Pier, Westminster. 
Elevation and Details. — aS. Landing; 
Stairs between Charing Cross and Water- 
loo Bridges.— 29 and 3a York Gate. 
Front Elevation. Side Elevation and 
Details.— 31, 32, and 33. Overflow and 
Outlet at Savoy Street Sewer. Details ; 
and Penstock. —34, 35, and 36. Steam-boat 
Pier, Waterloo Bridjge. Elevation and 
Dstails. — 37. Junction of Sewers. Plans 
and Sections — 38. Gullies. Plans and 
Sections. — 39. RJolling Stock. — 4a Granite 
and Iron Forts. 



With copious Descriptive Letterpress, &c. 



Humder^s Modem Engineering. Fourth Series. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING, 1866. Imp. 4t0, with 36 Double Plates, drawn to a laz^^ 
scale, and Photographic Portrait of John Fowler, Esq., President 
of the Institution of Ci^ Engineers. 3/. 3 x. half morocco. 

List of the Plates and Diagrams, 

NAMB AND DBSCRXPTION. PLATBS. NAMB OP BNGINBBB. 

Abbey Mills Pumping Station, Main Drainage, 

Metropolis x to 4 Mr. Baialgette, C.E. 

Barrow Docks 5 to 9 Messrs. Mclean & Stniman, 

Manquis Viaduct, Santiago and Valparaiso [C.E. 

Railway xo, xx Mr. W. Loyd, C.E. 

Adams' Locomotive, St. Helen's Canal Railw. xa, 13 Mr. H. Cross, C.E. 

Cannon Street Station Roof 14 to x6 Mr. J. Hawkshaw, C.E. 

Road Bridge over the River Moka 17, x8 Mr. H. Wakefield, C£. 

Telegraphic Apparatus for Mesopotamia .... 19 Mr. Siemens, C.E. 
Viaduct over the River Wye, Midland Railw. 90 to aa Mr. W. H. Barlow, C.E. 
St Germans Viaduct, Cornwall Railway .... 23, a4 Mr. Brunei. C.E. 

Wrought-Iron Cylinder for Diving Bell as Mr. J. Coode, C.E. 

MillwallDocks a6 to 31 Messrs. J. Fowler, C.E.,at» 

William WUson, C£. 

MUroy's Patent Excavator 3a Mr. Milroy, CE. 

Metropolitan District Railway 33 to 38 Mr. J. Fowler, and Mr. T. 

M. Johnson, C£. 
Harbours, Ports, and Breakwaters a to c 

With Copunts Descriptive Letterpress, SpecificationSf <&v. 
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Humbef^s Great Work an Bridge Vonstmctian. 

A COMPLETE and PRACTICAL TREATISE on CAST and 

WROUGHT-IRON BRIDGE CONSTRUCTION, including 

Iron Foundations. In Three Parts — ^TheoreUcal, Prsictical, and 

Descriptive. B;^ William Humbbr, Assoc. Inst C. E., and M. Inst 

M. E. Third Edition, revised and much improved, with 115 Doable 

Plates (20 of which now first appear in this edition), and numeroos 

additions to the Text In 2 vou. imp. 4to, 6L i6r. 6d. half-bound 

in morocco. 

*' A veiy valuable contributiini to the standard hterature of civil engineeriiv. In 
addition to elevations, plans, and sections, lar^e scale detaib are Ri^en* ^i^uch ▼err 
much enhance the instructive worth of these iUustration9. No engineer would wil- 
lingly be without so valuable a fund of information." — Civil EngittMr and ArckiUcft 

** Mr. Humberts statdy volumes latdy issued'— in whidi iSbtt most important bridges 
erected during the last five jrears, under the direction of our most emiaent engineers, 
are drawn and specified in great detaO.**— ^MtfiWorr. 

"A book— and particularly a laige and costly treatise like Mr. Humberts — ^which 
has reached its third edition may certainly be said to have established its own 
rqputation. " — Enf^ineerimg. 

Strains, Formula df Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ;consisting of Formulae and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HuMBER, Assoc lust C.E., &C. Second Edition. Fcap. 8vo, 
with nearly 100 Woodcuts and 3 Plates, 7j. 6<L doth. 

f * The arrangement of the matter in this little volume is as convenient as it well 

could be The sjrstem of employing diagrams as a substitute for comcdex 

computations is one justly coming into ^preat favour, and in that respect Mr. Humber't 
volume b ftUIy iip to the times." — Enpneering. 

"The formulae are neativ expressed, and the diagrams fmnAJ'^Aikenmnm 
• ** Mr. Humber has rendered a great service to the arcnitect and engineer by pro- 
ducing a work especially treating on the methods of delineating the strains on iron 
beams, roofs, ana bridges by means of diagrams."— ^»<Zti^. 

Barlow on the Strength of Materials^ enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; • and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S., to which are added Experiments by Hodgkinson, Fair- 
bairn, and KiRKALDY ; an Essay (with Illustrations) on the effect 
produced by passing Weights over Elastic Bars, by the Rer. 
Robert Willis, Id. A., F.R.S. And Formulae for Calculating 
Girders, &c. The whole arranged and edited 1^ W. Humbeb, 
Assoc. Inst C.E., Author of '' A Complete and rractical Tveatise 
on Cast and Wrought-Iron Bridge Construction," &c. 8yo, 400 
pp., with 19 large Plates, and numerous woodcut^ iSr. dotiu 



The book is midoubtedly worthy of the highest commendation." — Mimney<mmmt, 
The best book on t&e suWect which has yet appeared. .... We know of 
vork that so completely fulfils its wisAoxi,— English Mtdumie, 



no work that so completely fulfils its wissaaa,— English 
'* The standard treatise upon this particular sutgect. "—^n^mMr. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 5 

Tramways and Tram-Traffic. 

TRAMWAYS : their CONSTRUCTION and WORKING. 
Containing a Comprehensive History of the System ; an exhaus- 
tive Analysis of the Various Modes of Traction, including Horse 
Power, Steam, Heated Water, and Compressed Air ; a Description 
of the varieties of Rolling Stock ; and ample Details of Cost and 
Working Expenses, with Special reference to the Tramways of the 
United Kingdom. By D. Kinnear Clark, M. I. C. E., Author 
of * Railway Machinery,' &c., in one vol. 8vo, with numerous illus- 
trations and thirteen folding plates. {Nearly ready. 

Iron and SteeL 

'IRON AND STEEL': a Work for the Forge, Foundry, 
Factory, and Office. Containing Ready, Useful, and Trustworthy 
Information for Ironmasters and their Stocktakers ; Managers of 
Bar, Rail, Plate, and Sheet Rolling Mills ; Iron and Metal 
Founders ; Iron Ship and Bridge BuUders ; Mechanical, Mining, 
and Consulting Engineers ; Architects, Contractors, Builders, and 
Professional Draughtsmen, By Charles Hoare, Author of 
*The Slide Rule,' &c. Eighth Edition. Revised throughout and 
considerably enlarged. With folding Scales of "Foreign Mea- 
sures compared with the English Foot," and "fixed Scales of. 
Squares, Cubes, and Roots, Areas, Decimal Equivalents, &c." 
Oblong, 32mo, leather elastic-band, 6s, 

" We cordially recommend this book to those engaged in considering the details 

of all kinds of iron and steel works It has been compiled with care and 

acciuracy. .... Many useful rules ' and hints are given for lessening the, 
amount of arithmetical labour which is always more or less necessary in arranging 
ih)n and steel work of all kinds, and a great quantity of useful tables for preparing 
estimates of weights, dimensions, strengths of structures, costs of work, &c., will be 
foimd in Mr. Hoare's hook.— -Naval Science. 

Wealds Engineer's Pocket-Book. 

THE ENGINEER'S, ARCHITECT'S, and CONTRACTOR'S 
POCKET-BOOK (LocKWOOD & Co.'s; formerly Weale's). 
Published Annually. In roan tuck, gilt edges, with 10 Copper- 
Plates and numerous'^Woodcuts. df. 

" A vast amount of really valuable matter condensed into the small dimen- 
sions of a book which is, in realty, what it professes to be — a pocket-book. . . . 
Wecordiall)r recommend the booic. — Colliery Guardian. 

** It contains a large amount of information peculiarly valuable to those for whose 
use it is compiled, we cordially commend it to the engineering and architectural 
professions generally." — Mining youmal. 

Iron Bridges, Girders^ Roofs, &c. 

A TREATISE on the APPLICATION of IRON to the CON- 
STRUCTION of BRIDGES, GIRDERS, ROOFS, and OTHER 
WORKS ; showing the Principles upon which such Structures are 
Designed, and their Practical Application. Especially arranged for 
the use of Students and Practical Mechanics, all Mathematical For- 
mulae and Symbols being excluded. By Francis Campin, C.E. 
Second Edition revised and corrected. With numerous Diagrams. 
l2mo, cloth boards, y. 

"Invaluable to those who have not been educated in mathematics.''— C^/Zi^ 
Guardian. 
" Remarkably accurate and weQ written."— /frf^MW. 
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Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, Assoc Inst. C.E., Author of 
"The Art of Building," &c. With numerous Plates and Wood 
Engravings. Crown 8vo, lor. 6^., cloth. \yust published. 






A most usefm handbook to engineering pioneers." — Iron. 

■ ' ... ,^j 



' The author^s experience has been tiumed to good account, and the book is likely 
to be of considerable service to pioneer engineers." — Buildmg News. 

New Iron Trades^ Companion. 

THE IRON AND METAL TRADES' COMPANION: 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from \s, per cwt. to iizr. per 
cwt., and from one farthing per pound to one shilling per pound. 
Each Table extends from one pound to lOO tons ; to which are 
appended Rules on Decimals, Square and Cube Root, Mensuration 
of Superficies and Solids, &c. ; also Tables of Weights of Materials, 
and other Useful Memoranda. By Thomas Downie. Strongly 
bound in leather, 396 pp., 9^. 
" A most useful set of tables, and will supply a want, for nothing like them before 
existed." — Building News. 

" Will save the possessor the trouble of making numerous intricate calculations. 
Althouj^h specially adapted to the iron and metal trades, the tables contained in this 
handy litde companion will be found usefnl in every other business in which mer- 
chandise is bought and sold by yvelght.'^-^Jiaiiway News, 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. A useful book for Members of Local Boards and Rural 
Sanitary Authorities, Health Officers, Engineers, Surveyors, 
Builders, and Contractors. By Charles Slagg, Assoc. Inst. C.E. 
Crown 8vo, 5^., cloth. 
" Mr. Slagg has brought together much valuable information, and has a happy 

lucidit}r of expression ; and he has been industrious in collecting data." — Athewtum. 
"This is a very useful book, and may be safely recommended The author, 

Mr. Charles Slagg, has had practical experience in the works of which he treats. 

There is a great deal of work required to be done in the smaller towns and villages, 

and this little volume will help those who are willing to do xx.** -^Builder. 

Sanitary Engineering. 

WHOLESOME HOUSES : being an exposition of the Banner 
System of Sanitation. By Edward Gregson Banner, C.E. New 
and enlarged edition (25th thousand), illustrated with numerous 
Wood Engravings. Crown 8vo, sewed 6^., cloth \s. [Just published. 

Steam Engine. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able, an Elementary Treatise on. Being an Extension of Mr. 
John Sewell's Treatise on Steam. By D. Kin near Clark, 
C.E., M.I.C.E., Author of ** Railway Locomotives," &c. With 
Illustrations. i2mo, 4;., cloth. 
" Every essential part of the subject is treated of competently, and 10 a pi^ 
style."— /fw». 
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Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK ; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 plates. Royal 8vo, $s, cloth. 

Contents. — Introductory Remarks ; Beams Loaded at Centre ; Beams Loaded at 
tmequal distances between supports ; Beams uniformly Loaded ; Girders with triangu- 
lar bracing Loaded at centre ; Ditto, Loaded at tmequal distances between supports ; 
Ditto, uniformly Loaded ; Calculation of the Strains on Girders with triangular 
Basings ; Cantilevers ; Continuous Girders ; Lattice Girders ; Girders with Vertical 
Struts and Diagonal Ties ; Calculation of the Strains on Ditto ; Bow and String 
Girders ; Girders of a form not belonging to any regular figure ; Plate Girders ; Ap- 
portionments of Material to Strain ; Comparison of different Girders ; Proportion of 
Length to Depth of Girders ; Character of the Work ; Iron Roofs. 

Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT, Exhibiting the Principles concerned m the 
Construction of Iron Beams, Pil^urs, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By James Armour, 
C.E. Woodcuts, i2mo, cloth boards, 3^. M, ; cloth limp, 2J. 6^^. 

*' A very useful and thoroughly practical litde volume, in every way deserving of 
drculation amongst working men."— J/tViiVr^ youmal. 

" No ironworker who Mnshes to acquaint himself with the principles of his own 
trade can afford to be without \xJ*^^ouih Durham Mercury. 

Power in Motion. 

POWER IN MOTION : Horse Power, Motion, Toothed Wheel 

Gearing, Long and Short Driving Bands, Angular Forces, &c 

By James Armour, C.E. With 73 Diagrams. i2mo, cloth 

boards, 31. dd. 

" Numerous illustrations enable the author to convey his meaning as explicitly as 
it is perhaps possible to be conveyed. The value of the theoretic and practical know- 
.ledge imparted cannot well be over estimated.*' — Newcastle Weekly Chronicle, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S., Associate of the 
Royal School of Mines. With numerous Illustrations. Fourth 
Edition, revised and much enlarged. i2mo, clotb boards, 5^. dd. 

" Carefully vrritten, it has the merit of brevity and conciseness, as to less important 
points, while all material matters are very fully and thoroughly entered into." — 
Siandard. 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recoh- 
naissance. Levelling, &c., with the most useful Problems iu Geodesy 
and Practical Astronomy, and Formulae and Tables for Facilitating 
their Calculation. By Lieut-General Frome, R.E., late In- 
spector-General of Fortifications, &c Fourth Edition, Enlarged, 
thoroughly Revised, and partly Re-written. By Captain Charles 
Warren, R.E., F.G.S. With 19 Plates and. 115 Woodcuts, 
royal Svo, I dr. cloth. 
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Practical Tunnelling, 

PRACTICAL TUNNELLING : Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By Frederick Walter Simms, M. Inst. C.E,, author 
of ** A Treatise on Levelling." Third Edition, Revised and Ex- 
tended, with additional chapters illustrating the Recent Practice ot 
Tunnelling as exemplified by the St Gothard, Mont Cenis, and 
other modem works, by D. Kinnear Clark, M. Inst. C.E. 
Imp.' 8vo, with 21 Folding Plates and numerous Wood En- 
gravings, 30J., cloth. 

" It is the only practical .treatise on the great art of tunnelling. Mr. Clark'; work 
brings the exigencies of tunnel enterprise up to our own time. The great length of 
modern tunnels has led to a new difficulty in the art, which the last "generation was 
ignorant of, namdy, the difficulty of ventilation. In Mr. Qark's supplement we find 
this brandi of the subject has been fully considered. Mr. Clark's additional chaptars 
on the Mont Cenis and St. Gothard Tunnels contain minute and valuable experiences 
and, data relating to the method of excavation by compressed air, the heading 
c^rations, rock-boring machinery, process of enlargement, ventilation in course of 
construction by compressed air, labour and cost, Bcc— Building News. 

" The estimation m which Mr. Simms' book on tunnelling luis been held for over 
diirty years cannot be more truly expressed than in the woras of the late Professor 
Rankine : — ' The best source of information on the subject of tunnels is Mr. F. W. 
Simms' work on " Practical Tunnelling." '—The Architect. 

Levelling. 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in tlie Construction of Roads ; with Mr. " 
Telford's Rules for the sanie. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, with 
the addition of Mr. Law's Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Ikying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
8j. 6d, cloth. \* Trautwine on Curves, separate, 51. 

"One of the most important text-books for the general surveyor, and there is 
•carcely a question connected with levelling for which a solution would be soughtb 
that would be satbfactorily answered by consulting the volume."— il/cniff^ youmal. 

"The text-book 00 levelling in most of our eng^eering schools and collies."— 
En^neer, 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE ; an Exposition 

of its Comparative Merits, and an Essay towards an Improved 

System of Construction, adapted espedaUy to secure Safety and 

Economy. By Dr. Ernst Alban, Practical Machine Maker, 

Plan, Mecklenberg. Translated from the German, with Notes, by 

Dr. Pole, F.R.S., M. Inst. C.E., &c. &c With 28 fine Plates, 

8vo, its, 6d, doth. 

" A work like diis, which goes thoroughlsr into die examination of the high-pressure 
engine, the boiler, and its appendages, &c., is exceedinrij useful, and deserves a place 
in every scientific library. ''•-o'^Mm Shi^^ing Chrmicu, 
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Reynold^ Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 

Engineers in charge of Locomotive Engines. By Michael 

Reynolds, Inspector, Locomotive and Carriage Department, 

London, Brighton, and South Coast Railway. Second Edition. 

With Illustrations. Crown 8vo, 41. 6d?., cloth. [Just published, 

" Mr. Reynolds has supplied a want, and has supplied it well. We can confidently 

recommend the book not only to the practical driver, but to every one who takes an 

interest in the performance of locomotive engines." — The Enginetr, 

** The work is as novel as it is useful, and ^if drivers and nremen will but take as 
much pains in reading it as the author has in writing it, there can be no question as 
to the oeneiit they wilf derive." — English Mechanic. 

" Mr. Reynolds has opened a new chapter in the literature of the day. This 
admirable practical treatise, of the practical utility of which we have to speak in 
terms of warm commendation. " — Athenaum. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULAE 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formidae, Tables, and General 
Information, on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By ToHN Neville, 
Civil Engineer, M.R.LA. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14;. cloth. 

''Undoubtedly an exceedingly useful and elaborate compilation." — Iron, 
*' Alike \*aluable to students and engineers in practice ." — Mining JouniaZ. 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By the late Thomas Tredgold, Mem, 
Inst C.E., Author of ** Elementary Principles of Carpentry," &C. 
Fifth Edition, Edited by Eaton Hodgkinson, F.R.S. ; to 
which are added EXPERIMENTAL RESEARCHES on the 
STRENGTH and OTHER PROPERTIES of CAST IRON. 
By the Editor. The whole Illustrated with 9 Engravings and 
numerous Woodcuts. 8vo, 12s. dodi. 
\* Hodgkinson on Cast Iron, separately. Price 6s. ^o^ 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength. Con- 
struction, and Economical Working. By R. Wilson, A.I.C.E. 
Fourth Edition. i2mo, 6f., cloth. 

" The best work on boilers wbich has come under our notice." — Engineering, 
"The best treatise that has ever been published on steam boilers. ** — Engituer. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from 5 to 200 Radius. By Alexander 
Beazeley, M. Inst C.E. Printed on 48 Cards, and sold in a 
cloth box, waistcoat-pocket size, 31. dd. 

• " Each table is printed on a small card, which, bemg placed on the tiieodolite, iMves 
the hands free to manipulate the instrument — no small advanUgt as regards the rsqjyidity 
of work. They are clearly printed, and compacdy fitted into a small case for this 
podcet— an arrangement dot will recommend tnem to all practical mca.**— Engineer, 

■ " Verv handy : a man may know that all his day's work must fall on two of these 
cards, wnich he puts into his own card-case, and leaves the rest bchiad.**'^AthenaMm. 
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Slaie and Slate Qtiarrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 

Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 

Mining Engineer, &c. With numerous Illustrations and Folding 

Plates. Crown 8vo, 6j., cloth. \ Just published, 

"A useful and practical hand-book on an important industry." — Engineering. 

^" A useful embodiment of practical information derived from original sources, com- 

lined with a digtst of everytning that has already appeared likely to be of interest." 

— Building^ News. 

" There is no other book which contains so much information concerning the pro- 
cedure observed in taking quarries, the processes employed in working uiem, and 
such full statistics of the present and past position of the great slate trade of 
Wales."— rA# Architect. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
ayerage of 80 feet By Joseph Broadbent, C. E., and Francis 
Campin, C.E. Cr. 8vo, oblong, 5^. cloth. 
" The^ way in which accuracy is attained, by a simple division of each .cross 
section into three elements, two of which are constant and one variable, is in- 
genious."— ^4 tAetuFum, 

"•Cannot fafl to come into general nsc^-^Atining ycumal. 

Surveying (Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to tlie 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Towns' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveyuig Instruments. By W. Davis Haskoll, C. K 
8vo^ \2s. 6d, cloth, with 14 folding Plates, and numerous Woodcuts. 

"A mos^ useful and well arranged book for the aid of a student'*— JffviZdSrr. 
" Cannot fail to prore of the utmost practical utility, and may be safely reconr- 
nended to all students who aspire to become clean and expert surveyors.'*— ^mm^ 

Engineering Fieldwark. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Sunreying and Lerelling. Second Edition, revised, with consider- 
able additions, and a Supplementary Volume on WATER- 
WORKS, SEWERS, SEWAGE, and IRRIGATION. By W. 
Davis Haskoll, C.E. Numerous folding Plates. Demy 8vo, 2 
Yols. in one, doth boards, i/. u. (published at 2/. 4^.) 

Minings Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
*• proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civfl 
Engineer. Withfour Plates of Diagrams, Plans, &c. , i2mo, 4;. , cloth. 

" Contains much valuable information ^ven in a small compass, and which, as &r 
as we have tested it, is thoroughly trustworthy." — Iron and Coal Trades Review. 

*^* The above, bound with Thoman's Tables. (See page 22). 
Price 7 J. 6rf., cloth. 



'A very valuable work, which will tend materially to improve our mining litera- 
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Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. Witii 
a History of Fire -Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire S3rstems ; Hints on Fire Brigades, &c., &c. 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, i/. 41. cloth. 
" We can most heartily commend this book. .... It is really the only English 
work we now have upon the subject." — Engineering. 

** We strongly recommend the book to the notice of all who are in any way in- 
terested in fires, fire-engines, or fire-brigades." — Mechanic^ Magazine, 

Manual of Mining Tools, 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans, Lecturer on Prac- 
tical Mining at the Bristol School of Mines. Volume of Text 
l2mo. Wim an Atlas of Plates, containing 235 Illustrations. 4to. 
Together, 9^. cloth boards. 
" Students in the Science of Mining, and not only they, but subordinate officials hi 
mines, and even Overmen, Captains, Managers, and viewers may gain practical 
knowledge and useful hints by the study cMf Mr. Morgans' Manusu." — Coliiefy 

Guardian. 
« 

ture.**— i/*»w»^ Journal^ 

Common Sense for Gas-Users, 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engiiieers, &c, &c. By Robert Wilson, C.E., Author of "A 
Treatise on Steam Boilers. " Second Edition. Crown 8vo, sewed, 
with Folding Plates and Wood Engravings, 2s. 6d. \yust published. 

Gas and Gasworks. 

A TREATISE on GASWORKS and the PRACTICE of 
MANUFACTURING and DISTRIBUTING COAL GAS. 
By Samuel Hughes, C.E. Fourth Edition, revised by W. 
Richards, C.E. With 68 Woodcuts, i2mo, 4r., cloth boards. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES' and TOWNS, 
with a Description of the Principal Geological Formations .of 
Exigland as influencing Supplies of Water. By Samuel Hughes, 
F.G.S., Civil Engineer. New and enlarged edition, i2mo, with 
numerous Illustrations, 5^*., cloth boards. 
'* One of the most convenient, and at the same time reliable works on a sul>|«ct, 
the vital importance of which cannot be over-estimated." — Bradford Oburver, 

Coal and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 
Wabington W. Smyth, M.A., F.R.S., &c.. Chief Inspectof 
of the Mines of the Crown and of the Duchy of Cornwall New 
edition, revised and corrected. i2mo, with numerous Illustra- 
tions, 4^. 6</., cloth boards. 
•'Every portion of the volume appes 
as an outline is given of every known coal-field in this and" other countries, as well as 



'Every portion of the volume appears to have been prepared with much care, and 
atline is given of eveiy kno 
of the two principal methodfs of working, the book will doubtless interest a very 



large number of readers." — Mining youmai. 
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Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 

Two Parts. I. The Art of Constructing Common Roads. By 

Henry Law, C.E. Revised and Condensed by D. Kixnear 

Clark, C.E. —II. Recent Practice in the Construction of Roads 

and Streets : including Pavements of Stone, Wood, and Asphalte. 

ByD. KiNNEAR Clark, C.E., M.I.C.E., Author of ** Railway 

^Iachinery," "A Manual of Rules, Tables, and Data," &c. With 

numerous Illustrations. i2mo, 51., cloth. [Just pttblUhed. 

" A book which every borough surveyor and engineer must possess, and which will 

be of considerable service to architects, builders, and property owners generally."'— 

Building; News. 

" The volume is suegestive, and will be an acquisition not only to engineers but to 
the greater number of people in this country on whom devolves the administration of 
roads as a part of the system of local government/'— 7Ar Architect. 

y To highway and town surveyors this book will have the utmost value, and as con- 
taining the largest amount of information in the shortest space and at the lowest price, 
we may predict for it a wide circulation. "—Journal of Gas Lighting. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E, 
Third Edition, enlarged, consisting of a Series of Tables, with 
Rules, Explanations of Systems, and Use of Theodolite for Traverse 
Surveying and Plotting the Work with minute accuracy by means 
of Straight Edge and Set Square only; Levelling with the Theodo- 
lite, Casting out and Reducing Levels to Datum, and Plotting Sec- 
tions in the ordinary manner; Setting out Curves with the Theodo- 
lite by Tangential Angles and Multiples with Right and Left-hand 
Readings of the Instrument ; Setting out Curves without Theodolite 
on the Svstem of Tangential Angles by Sets of Tangents and Off- 
sets ; and E^arthwork Tables to & feet deep, calculated for every 6 
inches in depth. With numerous wood-cuts, i2mo, 12s. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the ujsit.**'-'Atherueum. 
" A very useful woik for die practical engineer and surveyor."— JPot/ewi^ Nnvs.^ 
" The work forms a handsome pocket volume, and cannot fail, from its portability 

and ttdlity, to be extensively patronised by the engineering profession.'*— ilfw»i^ 

y^urMol, 
" We strongly recommend it to all chmrs of surveyors." — Colliery Guardian, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.£.» Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, %s. 6d. doth. 
"As a really handy hook for reference, we know of no work equal to it ; and the 
laihray engineers and-others employed in the measurement and calculation of earth- 
work will fmd a great amount of practical information very admirably arranged, an^ 
■mdlable for general or rough estimates, as well as for the more exact calculations 
leqoired in the eng^eers' contractor's offices." — Artizan. 

Harbours. 

THE DESIGN and CONSTRUCTION of HARBOURS: A 
Treatise on Maritime Engineering. By Thomas Stevenson, 
F.R.S.E., F.G.S., M.I.C.E. Second Edition, containmg many 
additional subjects, and otherwise generally extended and revised. 
With 20 Plates and numerous Cuts. Small 4to, 15/. doth. 
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Bridge Construction in Masonry y Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION OF MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Drawings or Admeasurement of scSect 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
illustrated with 6 pages of Diagrams. Imp. 4to, 2/. izr. 6^. half- 
morocco. 
" One of the very few works extant descendine to the level of ordinary routine, and 
treating on the common every-day practice of the railway engineer. ... A work of 
the present nature by a man of Mr. HaskoU's experience, must prove invaluaUe to 
nundreds. The tables of estimates appended to this edition will considerably enhance 
its value." — Engineering. 

Mathematical Instruments, their Construction, &c. 

MATHEMATICAL INSTRUMENTS : their CONSTRUC- 
TION, ADJUSTM^INT, TESTING, AND USE; comprising 
Dr&wing, Measuring, Optical, Surveying, and Astronomical Instru- 
ments. Bv J. F. Heather, M:A., Author of "Practical Plane 
Geometry," "Descriptive Geometry," &c. Enlarged Edition, for 
the most part entirely rewritten. With numerous Wood-cuts, 
l2mo, 5.r. cloth boards. 

Drawing; for Engineers y &c, 

THE WORKMAN'S MANUAL OF ENGINEERING 

DRAWING. By John Maxton, Instructor in Engineering 

Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 

South Kensington. Third Edition, carefully revised. With upwards 

of 300 Plates and Diagrams. i2mo, cloth, strongly bound, 41. 6d, 

" Even accomplished drai^htsmen will find in it much that will be of use to them. 
A copy of it should be kept for reference in every drawing office." — EnrineefiHg. 
*' Indispensable for teachers of engineering ^xvmn^y^-Meckanics' mageuane. 

me Arches. * 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. Third Edition, with 
Plates. Imperial 8vo, &r. doth. 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large folding Plates. By Geo. Watson 
Buck, M. Inst. C.E. Second Edition, corrected by W. H. 
Barlow, M. Inst. C.E. Imperial 8vo, \2s. doth. 
"The standard text-book for all engineers rq^ding skew arches, b Mr. Buck's 
treatise, and it would be impossible to consult a better."— J?M|fvi«rr. 

Pocket-Book for Marine Engineers. 

A POCKET BOOK FOR MARINE ENGINEERS. Con- 
taining useful Rules and Formulae in a compact form. By Frank 
Proctor, A.I.N.A. Second Edition, revised and en]furged. 
Royal 32mo, leather, gilt edges, with strap, \s, 

"We recommend it to our readers as going far to supply a long-felt want."—* 
Navai Science. 

"A most useful companion to all marine engineers." — United Service GuuHe. 

*' Scarcely anything required by a naval engineer appears to have beea for- 
gotten.*'— /»v«. 



Obliq\ 
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Granthanis Iron Ship-Buildings enlarged. 

ON IRON SHIP.BUILDING ; with Practical Examples and 
Details. Fifth Edition. ImtK. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), indnding the latest Examples. Together 
with separate Text, i2mo, doth limp, also considerably enlarged. 
By John Grantham, M. Inst C.E., &c. 2/. 2x. complete. 



M 



^ ' A thoroariily |n«cdcal work, and every qttesdon of the many in relation-to iron 
•hipping which admit of diversity of opinion, or have various and conflicting personal 
interests attached to them, is treated with sober and impartial wisdom and good sense. 
. . . . As good a volume for the instruction of the pupil or student of iron naval 
architecture as can be found in any language." — Practiau Mechanics* Jaumal. 

" A very elaborate work.^ ... It forms a most valuable addition to the history 
of hoQ shipbuilding, while its having been prepared by one who has made the subject 
his study for many years, and whose qualifications have been repeatedly recognised, 
will recommend it as one of practical utility to all interested in shipbuilding."— .<4rM(^ 
ami Navy Gazette. 

" Mr. Grantham's work is of great interest. . . . It is also valuable as a recosd 
of the progress of iron shipbuilding. ... It will, we are confident, a>mmand an 
extensive circulation among shipbuilders in general. ... By order of the Board 
of Admiralty, the work will form the text-book on which the examination in iron shii>- 
building of candidates for promotion in the dockyards will be mainly based."— 
£ttgi$utriHg. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE. 
BUILDING, ENGINEERING, MINING, METALLURGY. 
ARCHEOLOGY, the FINE ARTS, &c. By John Weale. 
Fifth Edition, revised and corrected by Robert Hunt, F.R.S., 
Keeper of Mining Records, Editor of " Ure's Dictionary of Arts, " 
&c i2mo, cloth boards, dr. 

** A book for the enlightenment of those whose memory is treacherous or education 
deficient in matters scientific and industrial. The additions made of modem disco- 
veries and knowledge are extensive. The result is 570 pages of concentrated essence 
of elementary knowledge, admirably and systematically arranged, and presented in 
neat and handy form." — Iron. 

" The best small technological dictionary' in the language." — Architect. 

**A comprehensive amd accurate compendium. Author, editor, and publishers de- 
serve high commendations for producing such a useful work. We can warmly recom- 
mend such a dictionary as a standard work of reference to our subscribers. Every 
ironmonger should procure it — no engineer should be without it — builders and archi: 
tects must admire it— metallurgists and archaeologists would profit by it." — frvn- 
$H4}H£er. 

"The absolute accuracy of a work of this character can only be judged of after 
extensive consultation, and from our examination it appears very correct and very 
complete."— ^mxin^ yourtial. 

" Inhere is no need now to speak of the excellence of this work ; it received the ap- 
proval of the community long ago. Edited now by Mf. Robert Hunt, and published 
in a cheap, handy form, it will ht of the utmost service as a book of reference scarcely 
to be exceeded in value." — Scotsman, 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessionsd Steam Users. By an Engineer. Third Edition. i2mo. 
Sewed, 6d. 

N. '&,— This little work should be in the hands of every person 
having to deal with a Steam Engine of any kind, 

" If steam-users would but learn this little book by heart, and then hand it to 
their stokers to do the same, and see that the latter do it, boiler explosions would 
become sensations by their nxxty^ --'English Mechanic, 
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ARCHITECTURE, &c. 

# 

Construction. 

THE SCIENCE of BUILDING : An Elementary Treatise on 

the Principles of Construction. By E. Wyndham Tarn, M.A., 

Architect. With 47 Wood Engravings. Demy 8vo. &r. 6^. cloth. 

*' A ^eiy valuable book, which we strongly recommend to all students." — BuiUUr, 

** No architectural student should be wiuiout this hand-book." — Architect. 

" An able digest of information which is only to be found scattered through various 

ytKix\i&.** —Engineering. 

Beaton s Pocket Estimator, 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work, priced according to the present value of material 
and labour. By A. C. Beaton, Author of * Quantities and 
Measurements.' Second Edition. Carefully revised. 33 Wood- 
cuts. Leather. Waistcoat-pocket size. u. 6//. 

Beaton's Builders' and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c., &c. By A. C. Beaton. With 19 
Woodcuts. Lather. Waistcoat-pocket size. u. (id. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 

Series of Designs for Villa Residences in various Styles. With 
Detailed Specincations and Estimates. By C. WiCKES, Architect^ 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," i^'C. Complete in i vol. 61 Plates. 4to, 2/. 25. half morocco. 
*»* A Selection from the Above, containing 30 Designs, 
with Detailed Specifications, Estimates, &c. 21^. ludf morocco. 
" The whole of the designs bear evidence of their being the work of an artistic 
architect, and they will prove very valuable and suggestive.— ^»t&/i»;f News, 

House Painting, 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson, Author of 'Building Construction,' &c. 
Second Edition, carefully revised. i2mo, 6j. cloth boards.' 
'' Contains a mass of information of use to the amateur aud of value to the practical 
man." — English Mechanic. 

" Deals with the practice of painting in all its parts, from the grinding of colours 
to varnishing and gilding." — Architect. 

Wilsons Boiler and Factory Chimneys, 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Stability, with a chapter on Lightning Conductors. By Robert 
Wilson, A I.C.E., Author of ** Treatise on Steam Boilers,'* 
&c., &c. Crown 8vo, y. 6d., cloth. \Just published, 

"A most valuable book of its kind, full of useful information, definite in statement, 
and thoroughly practical in treatment." — The Local Government Chronicle, 
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A Book on Building. • 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL. 

By Sir Edmund Beckett, Bart., LL.D., Q.C., F.ILAS., 

Author of ''Clocks and Watches and Bells," ftc Crown 8vo, 

with Illustrations, ^s, 6d., cloth. 

*' A book which ic always amnting and nearly always instrocdve. Sir E. Beckett 

will be read for the radness of his style. We are aue very cordially to recammend 

aH persons to read it for themselves. The style throughout is in the highest degree 

CBiMlfiiiinfl and ejHgrammatic.'*— TVimct. 

"We commend the book to the thoughtAal coDsideration of all who are interested 
ia the building vt.**'-£uilder. 

*' There is hardly a subject connected with either building or repairin|^ on which 
sensible and practical directions will not be found, the use of which is probably 
destined to prevent many an annoyance, disappointment, and unnecessary expense. 
'^Dmify News. 

Architecturey Anciefit and Modern. 

RUDIMENTARY ARCHITECTURE, Ancient and Modem. 
Consisting of VITRUVIUS, translated by Joseph Gwilt, 
F.S.A., &c., with 23 fine copper plates; GRECIAN Archi- 
tecture, by the Earl of Aberdeen ; the ORDERS of 
Architecture, by W. H. Leeds, Esq.; The STYLES of Archi- 
tecture of Various Countries, by T. Talbot Bury; The 
PRINCIPLES of DESIGN in Architecture, by E. L. Garbett. 
In one volume, half-bound (pp. 1,100), copiously illustrated, I2j. 
*^* Sold separately f in two vols,, asjfollaws — 

ANCIENT ARCHITECTURE. Containmg Gwilt's Vitravius 
and Aberdeen's Grecian Architecture. Price dr. half 'bound. 

N. B. — This is the only edition of VITRUVIUS procurabU at a 
moderate price. 

MODERN ARCHITECTURE. Containing the Orders, by Leeds ; 
The Styles, by Bury ; and Design, by Garbett dr. half-bound. 

The Young Architect's Book, 

HINTS TO YOUNG ARCHITECTS. By George Wight- 
WICK, Architect, Author of " The Palace of Architecture," &c. &c 
New Edition, revised and enlarged. By G. HUSKISSON GuiL- 
LAUME, Architect. Numerous illustrations. i2mo, doth boards, 4r. 
" Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a oox of instruments. " — A rchttect. 

" ConUins a laree amount of information, which young architects will do well to 
aiioquire, if they wi^ to succeed in the everyday work of their profession. '^-English 
Mechanic. 

Drawing for Builders and Students, 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne, Author of a "Rudimentary Treatise on Per- 
spective for Beginners." With 14 Plates, 4to, 7^. (id. boards. 

Builders and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK for 1878, containing the latest prices of all kinds 
of Builders' Materials and Labour, and of aU Trades connected 
with Building, &c., &c. The whole revised and edited by 
Francis T. W. Miller, Architect and Surveyor. Fcap. 8vo, 
strongly half-bound, 4;. 
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Hmidbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 

Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 

up Specifications and Contracts for Works and Constructions. 

Illustrated by Precedents of Buildings actually executed bv eminent 

Architects and Engineers. Preceded by a Prdiminary Essay, and 

Skeletons of Specmcations and Contracts, &&, &c By Professor 

Thomas L. Donaldson, M.I.B.A. With A Review of the 

Law of Contracts. By W. Cunningham Glen, of the 

Middle Temple. With 33 Lithographic Plates, 2 vols., 8vo, 2/. zr. 

" In these two volumes of z,zoo p^es (together), forty-four specifications of executed 

works aresiven, including the apecii^tions for parts of the new Houses of Parliament, 

by Sir C£arles Barry, and for the new Royal Exchange, by Mr. Tite, M.P. 

Donaldson's Handbook of Specifications must be bought by a& architects." — Builder, 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, thoroughly revised, and supplemented under the 
editorial care of the Rev. Alexander Taylor, M.A. (son of 
the late G. L. Taylor, Esq.), Chaplain of Gray's Inn. This is 
the only book which gives on a large scale, and with the precision 
of architectural measurement, the principal Monuments of Ancient 
Rome in plan, elevation, and detail. Large folio, with 130 Plates, 
half-bound, 3/. 3^. 
*«* Originally published in two volumes, folio, at 18/. i&r. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 

A Guide to the Architect, Engineer, Surveyor, and Builder ; with 

an Essay on the Structure and Science of Modem Buildings. By 

Frederick Rogers, Architect. With numerous Illustrations. 

Demy 8vo, 15J., cloth. (Published at \l. lOr.) 

\* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew bemg out of print, the author, on the basis 
of that work, has produced the above. He has also inserted specifications of works 
that have been erected in his own practice. 

The House-Owner^ s Estimator. 

THE HOUSE-OWNER'S ESTIMATOR ; or, What will it 
Cost to Build, Alter, or Repair? A Price-Book adapted to the 
Use of Unprofessional People as well as for the Architectural 
Surveyor and Builder. By the late James D. Simon, A.R.I.B. A. 
Edited and Revised by Francis T. 'W. Miller, Surveyor. WiUi 
numerous Illustrations. Second Edition, with the prices carefully 
revised to 1875. Crown 8vo, cloth, ^j. (ui. 

" In two years it mil repay its cost a hundred times over." — Field. 

" A very handy book for those who want to know what a house will cost to build, 
alter, or repair." — English Mechanic. 

" Especially valuable to non-professional readers." — Mining youmal. 

Useful Text' Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
■ Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c, &c. By Frederick Rogers, Architect, 
Author of * Specifications for Practical Architecture,* &c With 
numerous Illustrations. Crown 8vo, 6j. cloth. 
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CARPENTRY, TIMBER, MECHANICS. 

« 

TredgoUPs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY: 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c.y 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materisds, &c. By Thomas Tredgold, 
C.K Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates (i i of which now first appear 
in this edition). Portrait of the Author, and several Woodcuts. In 
I vol., 4to, pubUshed at 2/. 21., reduced to i/. 5^-., cloth. 
•* * Tredgold's Carpentry* ought to be in every architect's and every buildei^s 
library, and those who do not already possess it ought to avail themselves of the new 

"A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time, and, as now presented, combine the surest base with the most interesting display 
of progressive science. The additional plates are of gceat intrinsic value." — BuiUwg 

Grandys Timber Tables. 

THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
and BUILDER'S STANDARD GUIDE. By Richard E. 
Grandy. Comprising : — An Analysis of Deal Standards, Home 
and Foreign, with comparative Values and Tabular Arrangements 
for Fixing Nett Landed Cost on Baltic and North American Deals, 
including all intermediate Expenses, Freight, Insurance, &c, &c. ; 
together with Copious Information for the Retailer and Builder. 
Second Edition. Carefully revised and corrected. i2mo, 3i. dd. 

cloth. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 
treenail, and throws in, as a makeweight, a nost of material conceminz bricks, columns, 
cisterns, &c. — all that the class to whom it appeals requires."— ^mWxxA Mechanic, 

** The only difficulty we have is as to what is not in its pages. Wnat we have tested 
of the CQntents, taken at random, is invariably correct." — lllustrtitedBuiltUy's Journal, 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; shoviring the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches square and 
upwards. Compiled by William Richardson. Accountant. 
Second Edition. Oblong 4to, 3J. 6</., cloth. [Just Published, 

"Will save much labour and calculation to pacldng-case makers and those who use 
packing-cases."— ^fvcrr. " Invaluable labour-saving tables." — Ironmongtr, 

Nicholson* s Carpenters Guide. 

THE CARPENTER'S NEW GUIDE ; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentry. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. doth. 
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Dowsing' s Timber Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, and the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred ; the Price per Cube Foot of Square Timber to any given 
Price per Load of 50 Feet ; the proportionate Value of D^s and 
Battens by the Standard, to Square Timber by the Load of 50 Feet ; 
the readiest mode of ascertainmg the Price of Scantling per Lineal 
Foot of any size, to any eiven Figure per Cube Foot. Also a 
variety of other valuable information. By William Dowsing, 
Timber Merchant. Third Edition, Revised and Corrected. Crown 
8vo, 3x. cloth. 
"EveryUung is as concise and clear as it can possiUy be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertiser. 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and all Dealers in Wood whatsoever. By William 
Richardson, Timber Broker. Crown 8vo, 6j., cloth. 

Norton's Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, 
Octagonal-sided, Round Timber and Stone, and Standing Timber. 
With just allowances for the bark in the respective species of 
trees, and proper deductions for the waste in hewing the trees, 
&c: ; also a Table showing the solidity of hewn or eight-sided 
timber, or of any octagoiud-sided column. Compiled for the 
acconmiodation of Timber-growers, Merchants, and Surveyors^ 
Stonemasons, Architects, and others. By Richard Horton. 
Third edition, with considerable and valuable additions, i2mo, 
strongly bound in leather, 5^. 
"Not onfy are the best methods of measurement shown, and in some instances 
illustrated by means of woodcuts, but the erroneous systems pursued by dishonest 
dealers are fully exposed The work must be considered to be a valuable addi- 
tion to every gardener's Wbnxy.— Garden. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 mches in leng^ 
by I to 108 inches in breadth. For the use of Architects, Surveyors, 
Engineers, Timber Merchants, Builders, &c. By James Haw- 
kings. Fcp. 3J. dd. cloth. 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, beii^ a Guide 
for the use' of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Marks of Wood, Essay on the Strength of Timber, 
Remarks on the Growth of Timber, &c. By W. Richardson. 
Fcap. 8vo, 3 J. 6flf., cloth. 
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Tfte Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By William Templeton. Twelfth 
Edition, with Mechanical Tables for OperatiYe Smiths, Millwrights, 
Engineers, &c ; and an Extensive Table of Powers and Roots, 
&C., &c. II Plates. i2mo, 51. bound. 
" As a teirt-book of reference, in which mechanical and commercial demands are 
judiciously met, Tbmplkton's Companion stands unrivalled. " — Mechanics' Magaxine, 
" Admirably adapted to Uie wants of a very lai^^e class. It has met with great 
■oocess in the engineering workshop, as we can testify ; and there are a great many 
BCD who, in a great measure, owe their rise in life to this little work. ** — Building News, 

Engineer's Assistant. 

THE ENGINEER'S, MILLWRIGHTS, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. Compiled and Arramged, with Original 
Matter, by William Templeton. 6th Edition. i8mo, 2j. 6^. 
doth. 

" So much varied information compressed into so small a space, and published at a 
price which places it within the reach of the humblest mecminic, cannot fail to com- 
mand the sale which it deserves. With the utmost confidence we commend this book 
to the attention of our readers." — Mechanics' Magazine. 

"A more suitable present to an apprentice to any of the mechanical trades could not 
possibly be mAdt,**'-BuiUing JNews. 

Designing, Measuring, and Valuing, 

THE STUDENTS GUIDE to the PRACTICE of MEA- 
SURING, and VALUING ARTIFICERS' WORKS ; contaming 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c With 43 Plates and Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. dd. cloth. 
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We have failed to discover anything connected with the building trade, from 
cavating foundations to bell-hangmg, that is not fully treated upon."— T'Ar Artizan^ 
" Altt^ether the book is one which well fulfils the promise of its title-pa^, and we 
can thoroughly recommend it to the class for whose use it has been compiled. Mr. 
Tarn's additions and revisions have much increased the usefulness of the work, and 
have especially augmented its value to siadcnts."'-£ngineering. 

Plumbing, 

PLUMBING ; a text-book to the practice of the art or craft of the 
plumber. With supplementary chapters upon house-drainage, eq^- 
bodying the latest improvements. By William Paton Buchan, 
Sanitary Engineer. i2mo., with about 300 illustrations. 31. 6</., 

cloth. 

*' There is no other manual in existence of the plumber's art ; and the volume will 
be welcomed as the work o( a practical master of nis trade." — Public Health. 

*' The chapters on house-dramage may be usefully consulted, not only by plumbers* 
but also bv engineers and all engaged or interested in house-building. ' — Iron. 

" A book containing a large amount of practical information, put together in a ytxj 
intelligent manner, by one who is well qualified for the task."— C'j/j' Press. 
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MATHEMATICS, &c. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
Pure Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in general. 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials. With an Appendix of 
copious Logarithmic and other Tables. By Olinthus Gregory, 
LL. D. , F.R. A. S. Enlarged by Henry Law, C. E. 4th Edition, 
careftdly revised and corrected by J. R. Young, formerly Profes- 
sor of Mathematics, Belfast College; Author of "A Course of 
Mathematics,'' &c. With 13 Plates. Medium 8vo, i/. ix. doth. 

" As a standard woik on mathematics it has not been excelled." — ArttMon. 

** The engineer or architect will here find ready to his hand, rules for solving nearly 
every mathematical difficulty that may arise in his practice. The rules are in all cases 
explained by means of examples, in which every step of the process is clearly worked 

*'One of the most serviceable books to the practical mechanics of the country. 

In the edition just brought out, the work>has again been revised by 

Professor Young. He has modernised the notation throughout, introduced a few 
paragraphs here and there, and corrected the numerous typographical errors whidi 
nave escaped the eyes of the former Editor. The book is now as complete as it is 
possible to make it. It is an instructive book for the student, and a Text- 
book for him who having once mastered the subjects it treats of, needs occasionally to 
refresh his memory upon them." — Building News. 

The Metric System. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent By C. H. 
DOWLING, C. E. Second Edition, revised and enlarged. 8vo, 
lOr. 6^. strongly bound. 

'* Mr. Dowling's Tables, which are well put together, come just in time as a ready 
reckoner for the conversion of one system into the other." — A tketueuni. 

** Their accuracy has- been certified by Prof. Airy, Astronomer-RoyaL"— ^mZc^. 

" Resolution 8. — ^That advantage will be derived from the recent publication ci 
Metric Tables, by C H. Dowling, C.^"— Report 0/ Section F, Brit. Assoc., Bath, 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR; being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gressive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which with their Combinations, 
consisting of a single addition (mostly to be performed at sight), 
will afford an aggregate of 10,266,000 Answers ; the whole being 
calculated and designed to ensure Correctness and promote 
Despatch. By Henrv Harben, Accountant, SheflSeld, Author 
of *The Discount Guide.* An entirely New Edition, carefully 
revised. Royal 8vo, strongly half-bound, 30^. 
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Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising several Series of Tablts 
for the use of Merchants, Manufacturers, Ironmongers, and others, 
by which may be ascertained the exact profit arising from any mode 
of using Discounts, either in the Purchase or Sale of Goods, and 
the method of either Altering a Rate of Discount, or Advancing a 
Price, so as to produce, by one operation, a sum that will realise 
any required pront after allowing one or more Discounts : to which, 
are added Tables of Profit or Advance from i^ to 90 per cent-. 
Tables of Discount from i^ to 98! per cent., and Tables of Commis- 
sion, &c., from i to 10 per cent. By Henry Harben, Accountant, 
Author of "The Weight Calculator." New Edition, carefully Re- 
vised and Corrected. In a handsome demy 8vo. volume (544 pp.), 
strongly and elegantly half-bound,;^ I 51. 

Inwood's Tables^ greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold; Aimnities, Advowsons, &c, and for the 
Renewing of Leases held under Cathedral Churches, Collies, or 
other corporate bodies ; for Terms of Years certain, and for Lives ; 
also for Valuing Reversionary Estates, Deferred Annuities, Nert 
Presentations, &c., together with Smart's Five Tables of Compound 
Interest, and an Elxtension of the same to Lower and Intermediate 
Rates. By William Inwooo, Architect The 20th edition, with 
considerable additions, and new and valuable Tables of Logarithms 
for the more Difficult Computations of the Interest of Money, Dis- 
count, Annuities, &&, by M. FAdor Thoman, of the Soci6t6 
Credit Mobilier of Paris. i2mo, %s» doth. 
" Those interested in the purchase and sale^ of estates, and in the adjustmeot of 

compensation cases, as well as in transactions in annuitiei, life insuranns, &c., will 

find the present edition of eminent service."— ^M^wMrrm^. 

" ' Inwood's Tables' still maintain a most enviaue reputation. The new issue has been 

enriched by large additional contributions by M. F^dor Thoman, whose carefully 

arranged Tables cannot fall to be of the utmost Vi^xXy.^* ^Mining Journal. 

Geometry for the Architect^ Engineer^ &€. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic ; giving Rules for the Delineation and Application of 
various Geometrical Lines, Fk[ures and Curves. By E. W. Tarn, 
M.A., Architect, Author of '* The Science of BuHdii^" &c. 
With 164 Illustrations. Dem^ 8vo. 12s, 6d,, cloth. 
" No book vddi the same objects in view has ever been published in which die 

clearness of the rules laid down and the illustrative diagrams have been so sati»- 

bxxarf,"— Scotsman. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 

with Tables of Logarithms for the more Difficult Computations of 

Interest, Discount, Annuities, &c., in all their Applications and 

Uses for Mercantile and State Purposes. With an e&borate Intio- 

dbction. By FftDOR Thoman, of the Soci^t^ Credit Mobilier, 

Paris. 3rd Edition, carefullv revised and corrected. t2mo, 4/. 6</., cL 

A very powerful work, and the Author has a very remaricable command of his 

sakn9cX,"^Pn!f*ssar A, d» Morgan. 

'* We recommend it to die notice of acttnuies and accountants.''".<4/A«»urMMS. 

*^* The above bound with Lintern's Mineral Surveyor. 
(See page 10.) Price 7x. 6</. doth. 
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SCIENCE AND ART. 



Brewing, 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 

Edwards Wright, B.A. (Trin. Coll. Camb.J: Cro>vn 8vo, 

3J. bd.y cloth. [y^/ Published, 

"A thoroughly scientific treatise in popular language. It is evident that the 

author has mastered his subject in its Kientific aspects." — Morning Advertiser. 

" We would particularly recommend all teachers of the art to place a copy of it in 
every pupil's hands, and we feel sure its perusal will be attended with advantage." — 
Brewer. 

The Military Sciences. 

AIDE-M£M0IRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
• ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. Second Edition, most carefully revised by an 
Officer of the Corps, with many additions ; containing nearly 350 
Engravings and many hundred Woodcuts. 3 vols, royal 8vo, extra 
doth boards, and lettered, 4/. lor. 



"A compendious encyclopaedia of military knowledge."— £driM^f2'<4 Review. 
** The most comprehensive work of veference toUie military andcol^teral sciences." 
^ Volunteer Service GoMette, 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor of 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
8vo, doth, with separate Atlas of 12 Plates, I2j. complete. 

Field Fortification. 

HANDBOOK OF FIELD FORTIFICATION, intended for 
the Guidance of Officers preparing for Promotion, and especially 
adapted to the requirements of Beginners. By Major W. W. 
Knollys, F.R.G.S., 9'jrd Sutherland Highlanders, &c. With 
163 Woodcuts. Crown ovo, 3J. 61/. cloth. 

^e- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES : their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Dry falters. Brokers, &c By J. 
W. Slater. Post 8vo, 7j. 6^., cloth. 

"A complete enopdopfledia. of the materia tincioria. The information given 
respecting each article is full and precise, and the methods of determinmg the value 
of articles such as these, so liable to sopnistication, are given with deamess, and are 
practical as well as valuable."— C>Immw/ and Druggist. 

Storms. 

STORMS: their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. With Coloured Plates and numerous 
Wood Engravings. Crown 8vo, lOf. td, cloth boards. 
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Light-Houses, 

EUROPEAN UGHT-HOUSE SYSTEMS ; iMoiig a Report of 
a Tour of Iiispection made in 1873. By Major George H. 
Elliot, Corps of Engineeis, U.S.A. mnstrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, 2IJ. doth. 

Electricity. 

A MANUAL of ELECTRICITY; indtiding Gal^anian, Mag- 
nedsm, Diamagnetisiii, Electro-Dynamic^ Magno-Electridty, and 
the Electric Tekgraph. By Henet 3f. Noad, Ph.D., F.C.S., 
Lectmer on Chemistry at St. George's Hoq^itaL Fonith Edition, 
rewritten. Illustrated b^ 500 Woodcnts. Sfo, i/. 4r. doth. 

alreadr bestowed m die paces of the Zojccr/ OB the f< 

more man ever merited by the; 




of this woric axe more man evcrmerited by the present. The; 
and galTanism axe not only c omp l ete m a •^^fi^r senses but, 

■e p^TTTII^'^^ and iBt'CT' P<*"tr * ' (tUtitt- 

Text-Book of Electricity. 

THE STUDENTS TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., Lecturer on Chemistry at St George's 
HospitaL New Edition, revised and enlarged, with additions on 
Tdegraphy, the Telephone, Phonc^raph, &c, by G. £. Preece, 
Esq., of the Telegraph Department, General Post Office, London. 
Upwards of 400 Xlliistrations. 

[Nearly ready. 

Rudimentary Magnetism. 

RUDIMENTARY MAGNETISM : bdng a condse exposition 
of the general prindples of Magnetical Science, and the purposes 
to which it has been applied. By Sir W. Snow Harris, F.R.S. 
New and enlarged Edition, with considerable additions by Dr. 
Noad, Ph.D. With 16^ Woodcnts. i2mo, doth, 4;. 6d. 

"As oondse and ludd an expoataon of the phenomena of magnetism as ve believe 
it is possible to write."— i^^^iiA Meduuuc. 

" The best possible sMinnai on the subject of magnetism.'* — M ec h a ni cs * Magasme, 

Chemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manu£au±ues, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New EtSiion. Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustra^ons. Cr. 8vo, 12s. 6d. doth. 
"We recommend diis book to die careful penpal of every one ; it may be truly 

affirmed to be of universal interest, and we strongly recommend it to our raders as a 

cod^ alike indispensable to the housewife as to the pharaaoeiaical pcactitiaaer.''— > 

Medical Times. 
** Essential to the analysts appointed under the new Act. The most recent results 

are given, and the work is well edited and carefully w i lttei u" — Nahtre. 

MoUusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells, By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S. F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8yo, 7j._6<£ dotiu 
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Clocks y Watches y and Bells, 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart. (late E. B. 
Denison), LL.D., Q.C., F.R.A.S., Author of "Astronomy with- 
out Mathematics,'' &c. Sixth edition, thoroughly revised and 
enlarged, with numerous Illustrations. Limp cloth (No. 67, 
Weale's Series), 4J. (id,\ cloth boards, 51. dd, 
" As a popular and practical treatise it isunapproached" — English Mechanic. 
*'The Dest work on the subject mobably extant. The treatise on bells is un- 
doubtedly the bast in the languaee. To call it a rudimentary treatise is a misnomer, 
at least as respects clocks and bells. It is the most important work of its kind in 
Eofflish." — Engineering. 
'~The only modem treatise on clock-making." — Horological Joumal. 
" This admirable treatise on clocks, by the most able authority on such a subject, 
is completely perfect of its \aMii,**— Standard, 

Gold and Gold-Working. 

THE PRACTICAL GOLD- WORKER ; or, The Goldsmith's 
and Jeweller's Instructor. The Art of Alloying, Melting, Re- 
ducing, Colouring, Collecting and Refining. The processes of 
Manipulation, Recovery of Waste, Chemical and Physical Pro- 
perties of Gold, "vsrith a new System of Mixing its Alloys ; Solders, 
Enamels, and other useful Rules and Recipes, &c. By George 
E. Gee. Crown 8yo, 7j. 6<^., cloth. \Jt*st Published, 

"A good, sound, technical educator, and will be generally accepted as an 
authority. It gives ftiU particulars for mixing alloys and enamds, is essentially a book 
for the workshop, and exactly fulfils the iMtrpose intended." — Horological Journal. 
"The best work yet pnnted on its subject for a reasonable price. We have no 
doubt that it will q)eedily become a standard book which few will care to be with- 
out. " — Jeweller and Meiahvorker. 

Silver and Silver Working, 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver, including the 
different modes of refining and melting the metal, its solders, the 
preparation of imitation alloys, methods of manipulation, preven- 
tion of waste, instructions for improving and finishing the surface 
of the work, together with other useful information and memoranda. 
By George £. Gee, Jeweller, &c. Crown 8vo, with numerous 
illustrations, *js, 6d.^ cloth. \jfu5t Published. 

" This work is destined to take up as good a position in technical literature as the 
Practical Goldworker, a book which has passed through the ordeal of critical ex- 
amination and business tests with great success."— Je7veller and Metalworker. 

Science and Scripture, 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT ; being a Series of Essays on— i. 
Alleged Discrepancies; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; 5. The Miracle of Jo^ua — 
Views of Dr. Colenso : The Supematurally Impossible ; 6. Hie 
Age of the Fixed Stars — their Distances and Masses. By Professor 
J. R. Young. Fcap. 8vo, 5j. cloth. 

** Distinguished by tiie true spirit of scientific inquiry, by great knowledge, by keen 
logical abifity, and vif a style peculiarly clear, easy, and taerfst\ic.**'-Nonconfor9mst, 

Practical Philosophy. 

A SYNOPSIS of PRACTICAL PHILOSOPHY. By Rev. J. 
C ARR, M. A. , late Fellow of Trin. ColL , Camb. 2nd Ed. i mo, 5^. cl. 



86 WORKS IN SCIENCE AND ART, ETC., 

DR. LARDNER'S POPULAR WORKS. 
Dr. Lardner^s Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited ly 
DI0NY3IUS Lardner, D.CL., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. Wi& up- 
wards of 1 200 Engravings on Wood. In 6 Doable Volumes. 
Price £\ i^., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IX. 6d. 

" The ' Museum of Science and Art ' is the most valuable contribution that has 
ever been made to the Scientific Instruction of every class of society." — Sir David 
BmvsUr in the North British Review. 

** Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present."— iELraM/Mrr. 

•^* Separate books formed from the above^ suitable for Workmen^ s 

JUbrarits^ Science Classes^ dr'c, 

COMMON THINGS EXPLAINED. Contaming Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^". 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2^. 6e/. 

POPULAR PHYSICS. Contaming Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s, 6d, 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s, 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
- Eclipses, Astronomical Influences, &c. 182 Illustrations^ 4s. 6</. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation. 100 Illustrations, cloth gilt, is, 6d, 

Scientific Class-Books^ by Dr, Lardner, 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition, i voL 3J. 6</. cloth. 
*' Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physicsa Science."— ^n/wA Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dr. Labdner. 
With 190 Illustrations. Second Edition, i vol. 3^. 6d, cloth. 
" Clearly written, weU arranged, and excellently illustrated."— CPar^^Sm^rt'ObvKMrA; 
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DR. LARDNER'S SCIENTIFIC WORKS. 
Astronomy. 

THE HANDBOOK OF ASTRONOMY. 4th Edition. Edited 
by Edwin Dunkin, F.R.S., Rl. Observatory, Greenwich. With 
38 plates and upwards of loo Woodcuts. Cr. Svo, 9^. dd. cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form/' — Athenaum. 

Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. With 520 
Illustrations. New edition, small 8vo, cloth, 7j. td, 732 ps^es. 
*' We have no hesitation in cordially recommending it." — Educational Times, 

Electric Telegraph. 

THE ELECTRIC TELEGRAPH. New Edition. ByE. B. 
Bright, F.R.A.S. 140 Illustrations. Small 8vo, 2j. (>d. cloth. 
" One of the most readable books extant on the Electric Telegraph." — Eng. Mechanic. 

LARDNER'S COURSE OF NATURAL PHILOSOPHY. 
Mechanics. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, F.R.A.S. With 378 Illustra- 
tions. Post 8vo, 6j. cloth. \.7^5i Published. 
' The perspicuity of the original has been retained, ' and duipters which had 
become obsolete, have been replaced by others of more modem character. The 
explanations throughout are studiously popular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining youmal. 

Heat. 

THE HANDBOOK OF HEAT. Edited and ahnost entirely 
Re-written by Benjamin Loewy, F.R.A.S. etc 117 Illustra- 
tions. Post ovo, 6s, cloth. \yt*st Published, 
" The style is always clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind."— jE'/z^iin^^nMr/-. 

Hydrostatics and Pneumatics. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, Sj. cl. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out the profound methods of mathematical investigation/ this work is not merely in- 
tended, but we lladapted." — Chemical News, 

Electricity y Magnetism, and Acoustics. 

THE HANDBOOK of ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400 Illustrations. Post 8vo, 5j. cloth. 

" The book could not have been entrusted to any one better calculated to preserve 

the terse and lucid style of Lardner. while correcting his errors and bringing up his 

work to the present state of scientific knowledge."— /V^i^r Science Review. 

Optics. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo. 5^. cloth. 

" Written by one of the ablest English scientific writers, beautifully and elaborately 
^ illustrated."— Jfi^MoMur'x Magazine. 

^ *.j* The above 5 Vols, form A Complete Course of Natural 

Philosophy. 
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Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : being • Guide for Visitors to 
Public and Private Picture Galleries, and for Art- Students, in- 
cluding an explanation of the various methods of Painting ; In* 
structions for Cleaning, Re-Lining, and Restoring Oil Paintings ; 
A Glossary of Terms; an Historical Sketch of the Principal Schools 
of Painting ; and a Dictionary of Painters, giving the Copyists 
and Imitators of each Master. By Philippe Daryl, B.A. Crown 
8vo, 3J. 6</., cloth. \jt*5t Publislud, 

" Useful as bringing together in a xrompendious form an almost complete bio- 
graphical stock of information respecting the painters of the world." — Mohair:, 

"The bulk of the book is occupied by a dictionary of painters which, considering 
its small compass, is.really admirable ; where only a few words are devoted to an artist, 
his speciality is well indicated ; and the utility of a table of dates of painters in so 
portable a form is unquestionable. We cordially recommend the book." — Builder. 

Popular Work on Painting, 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art By Thomas John Gullick, 

Painter, and John Timbs, F.S.A. Fourth Edition, revised and 

enlarged. With Frontispiece and Vignette. In small 8vo, 6x. cloth. 

%* This Work has been adopted as a Prize-book in the Schools of 

Art at South Kensington, 

** Much may be learned, even by those who fancy they do not require to be taught, 

from the careful perusal of this unpretendmg but comprehensive treatise. " — A rt Joitnud. 

** Contains a large amount of original matter, a^eeably conveyed, and will be found of 

value, as well by the young artist seeking information as by the general reader. " — Btalder, 

Grammar of Colouring, 

A GRAMMAR OF COLOURING, appUed to Decorative 
Painting and the Arts. By George Field. New edition, en- 
larged and adapted to the use of the Ornamental Painter and 
Designer, by Ellis A. Davidson. With new Coloured Diagrams 

and numerous Engravings on Wood. i2mo, 3^. bd. cloth boards. 
" One of the most useful of student's books, and probably the best known of the 
few we have on the subiect." — Architect. 
" The book is a most useful risuwi of the properties of pigments.'' — Builder. 

Geology and Genesis Harmonised. 

THE TWIN RECORDS of CREATION; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
G. W. Victor Le Vaux. With numerous Illus. Fcap. 8vo, 5j. cL 

" We can recommend Mr. Le Vaux as an able and interesting guide to a popular 
appreciation of geologit:aI science." — Spectator, 

Geology^ Physical and Historical. 

A CLASS-BOOK of GEOLOGY, PHYSICAL and HIS- 
TORICAL. With more than 250 Woodcuts. By Ralph Tate, 
A.L.S., F.G.S. 1 2mo, 5 J"., cloth boards. 
" The fulness of the matter has elevated the book into a xaxDMslL**-— School Board 
Chronicle. 

Wood'Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 
" The handicraft of the wood-carver, so well as a book can impart it, may be leant 
from ' A Lady's ' publication."— ./4/A«mrMiM. 
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Delamott^s Works on Illumination & Alphabets. 

A PRIMER OF THE ART t)F ILLUMINATION ; for the 
use of Beginaa& : with a Rudimentary Treatise on the Art, Prac- 
tical Dir^tions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, 9^. Elegantly bound, cloth antique. 

" A bandy book, beautifully illustrated ; the text of which is well written, and cal- 
culated to be usefuL . . . The examples of ancient MSS. recommended to the student, 
which, with much good sense, the author chooses from collections accessible to all, are 
selected with juc^mejit and knowledge, as well as taste." — Athetueum, 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL ; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, large and small, German, Italian, Arabesque, Initials 
for Illumination, Monograms, Crosses, &c. &c., for the use of 
Architectural and Engineering Draughtsmen, Missal Painters, 
Masons, Decorative Painters, Lithographers, Engravers, Carvers, 
&c &c. &c. Collected and engraved by F. Delamotte, and 
printed in Colours. Royal 8vo, oblong, 4J. cloth. 

" A well-known engraver and draughtsman has enrolled in this useful book the 
result of many years' study and research. For those who insert enamelled sentences 
round gilded chalices, who blazon shop legends over shop-doors, who letter church 
walls wi^ pithy sentences from the Decalogue, this book will be useful"— u4M^yMr»iM. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL;, including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque; with sevexal Original 
Designs, and an Analysis of the Roman and Old English Alpha- 
bets, large and small, and Numerals, for the use of Draughtsmen, 
Surveyors, Masons* Decorative Painters, Lithographers, Engravers, 
Carvers, &c Collected and engraved by F. Delamotte, and 
printed in Colour^. Royal 8vo, oblong, 4J. cloth. 

'* To artists of sill classes, but more especially to architects and engravers, this very 
handsome book will be invaluable. There is comprised in it every possible shape into 
which the letters of the alphabet and numerals can be formed, and the talent which 
has been expended in the conception of the various plain and ornamental letters it 
wonderful, ^-^tandard, 

MEDIAEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte, Illuminator, Designer, and 
Engraver on Wood. Containing 21 Plates, and Illuminated Title^ 
printed in Gold and Colours. With an Introduction by J. Willis 
Brooks. Small 4to, dr. cloth gilt. 

** A volume in which the letters of the alphabet come forth glorified in gilding and 
all the coloiurs of the prism interwoven and intertwined and intermingled, sometimes 
with a sort of rainbow arabesque. A poem emblazoned in these characters would be 
only comparable to one of those delicious love letters symbolired in a bundx of flowers 
wdl selected and cleverly arranged. *' — Sun. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. .Collected . and engraved by F. Delamotte, and 
printed in Colours. ' Oblong royal 8v0V2j^^ 6^. in ornamental boards. 
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Yotuitt and Burtis Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, enlarged by 
Robert Scott Burn, Author of "The Lessons of My Fann," &c. 
One large 8vo volume, 860 pp. with 244 Illustrations, i/. \s, half-bd. 

" The standard and text-book, with the farmer and grazier." — Farmer's Magaxme. 

"A treadse which will remain a standard work on the subject as long as British 
agriculture endures." — Mark Lane Express. 

Spooner on Sheep. 

SHEEP; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C., &c 
Third Edition, considerably enlarged ; with numerous fine engra- 
vings, including some specimens of New and Improved Breeds. 
Fcp. 8vo, 366 pp., 6j. cloth. 

'* The Dook is decidedly the best of the kind in our language."— 5'£»/jma«. 

" Mr. Spooner has conferred upon the agricultural class a lasting benefit by em- 
bodying in this work the improvements made in sheep stock by such men as 
HuiMhreys, Rawlence, Howard, and a^^itn."— Hampshire Advertiser. 

** i!h.e work should be in possession of every flock-master." — Banbury Guardtsut^ 

Scott Burris System of Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
SoUs, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry — Utilisation of Town-Sewage, Irrigation, &c. New Edition. 
In I voL 1250 pp., half-bound, profusely illustrated, I2j. 
"There is sufficient stated within the limits of this treatise to prevent afiurmer 
from going far wrong in any of bis operations."— (^^f^rv^r. 

Good Gardening, 

A PLAIN GUIDE TO GOOD GARDENING ; or. How to 
Grow Vegetables, Fruits, and Flowers. With Practical Notes oa 
Soils, Manures, Seeds, Planting, Laying-out of Gardens and 
Grounds, &c. By S. Wood. Second Edition, with considerable 
Additions, &c, and numerous Illustrations. Cr. 8vo, 51-., cloth. 



*' A very good book, and one to be highly recommended as a practical guide. 

lie practicsd dUrections are excellent." — Atkenaum. 

** A thoroughly useful guidebook for the amateur gardener who may want to make 



his plot of land not merely pretty, but useful and profitable."— i?az^ Telegmph. 

Profitable Gardening. 

MULTUM'IN-PARVO GARDENING ; or, How to make One 
Acre of Land produce ;£'620 a year, by the Cultivation of Fruits 
and Vegetables ; also, How to Grow Flowers in Three Glass 
Houses, so as to realise £i*j(> per annum clear Profit. By Samuel 
Wood, Author of ** Good Gardening," &;c. 2nd Edition, revised. 
With Wood Engravings. Cr. 8vo, 2j., cloth. \Just Published. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine. 

Morton's Underwood and Woodland Tables. 

TABLES FOR PLANTING and Valuing Underwood and Wood- 
land, By R. HoRTON. i2mo., 2j. bound. 
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^ Donaldson and Burns Suburban Farming, 

SUBURBAN FARMING. A Treatise on the Laying Out and 
•• Cultivation of Farms, adapted to the produce of Milk, Butter and 

Cheese, Eggs, Poultry, and Pigs. By the late Professor John 
Donaldson. With considerable Additions, Illustrating the more 
Modem Practice by Robert Scott Burn. With numerous 
Illustrations. Crown 8vo, 6j., cloth. \Jiist Published. 

" An admirable treatise on all matters connected with the laying-out and cultivation 
of dairy farms." — Live Stock Journal. 

Ewart's Land Improver^s Pocket-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULiE, TABLES, and MEMORANDA, required in any Com- 
putation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor and Agricultural Engineer. 
Royal 32mo, oblong, leather, gilt edges, with elastic band, 41. 

" Admiiably calculated to serve its purpose." — Scotsman,- 

** A compendious and handy little volume." — Spectator. 

Hudson's Tables for Land Valuers, 

THE LAND VALUER'S BEST ASSISTANT: being Tables, 
on a very much improved Plan, for Calculating the Value of 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure ; also, Tables of Square Mea- 
sure, and of the Dimensions of an Acre by which the Contents 
of any Plot of Ground may be ascertained without the expense of 
a r^^ular Survey; &c. By R. Hudson, C. E. New Edition, 
royal 32mo, oblong, leather, gilt edges, with elastic band, 4r. 
' *0f incalculable value to country gentlemen and professional men. **—Farnm^syoumdl. 

Complete Agricultural Surveyor's Pocket-Book, 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consisting of the above two works 
bound together, leather, gilt edges, with strap, 7^. dd. 

^^ The above forms an unequalled and most compendious Pocket 

Vade-mecum for the Land Agent and Agricultural Engineer, 

" We consider Hudson's book to be the best ready 'reckoner on matters relatins to 

the valuation of land and crops we have ever seen, and its combination with Mr, 

Ewart's work greatly enhances the value and usefulness of the latter-mentioned . . 

It is most usefm as a manual for reference." — North of England Farmer. 

The Management of Estates, 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Peculiarities of its Farms, Methods of Farming, 
the Setting-out of Farms and their Fields, Construction of Roads, 
Fences, Gates, and Farm Buildings, of Waste or Unproductive 
Lands, Irrigation, Drainage, Plantation, &c. By R. ScoTT Bu&N, 
Fcp. 8vo. numerous Illustrations, y, bd, 

Scott Burn's Introduction to Farming, 

THE LESSONS of MY FARM : a Book for Amateur Agricol- 
turists, being an Introduction to Fann Practice, in the Culture of 
Crops, the Feeding of Cattle, Management of the Dairy, Poultry, 
Pigs, &c By R. Scott Burn. With numerous Ulus. Fcp. 6j. cL 
** A complete introduction to the whole round of larmlng practice.''— J^^ Bull, 
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"yi Complete Epitome of the Laws of this 
Country. ^^ 

EVERY MAN'S OWN LAWYER ; a Handy-Book of the Prin- 
ciples of Law and Equity. B^ A Barrister. 15th Edition, 
Revised to the end of last Session. Including a Summaiy of the 
Judicature Acts, and the principal Acts of the past Session, viz. 
— The Canal Boats' Act, The Destructive Insects' (or Colorado 
Beetle) Act, The Fisheries' (Oyster, Crab, and Lobster) Act, and 
the Fisheries' (Dynamite) Act, &c, &c. With Notes and 
References to the Authorities. Crown 8vo, price 6j. &^ (saved at 
every consultation), strongly bound. 

COMPRISING THE LAWS OF 
BAMKKurrcv^BiLLS OP ExcMANGB— Contracts and Agrbbmsnts— Copvsight 

— DOWBR AND DiVORCB — ElBCTIONS AND RSCISTRATION — InSURANCBt— LiBBI. 

AMD Slandbb—Mortgacrs—Sbttlbmbnts— Stock Exchangb Practicb — 
THadb Marks and Patbnts — ^Trbspass, Kuisancbs, btc.— Transfbr or 
Land, btc-^Wabranty— Wills and Acrbbmekts, btc. Also Law for 
Landlord and Tenant— Master and Servant— Workmen and Apprentices — Heirs, 
Devisees, and Lei^ees— Husband and Wife— Executors and Trustees — Guardian 
and Ward— Manned Women and Infants— Pautners and Agents— Lender amd 
Borrower — Debtor and Creditor— >Purcfaaser and Vendor— Companies and Asso- 
ciation*— FriendW Societies— Qergymen, Churchwardens — Medical Practitioners, 
%LC — Banker* — Farmers— Contractors— Stock and Share Brokers — Sportsmen 
and Gamdceepcrs — Fatriers and Horse-Dealers — Auctioneers, House*Afcnts — 
Lnkeepers* &c. — Pawnbrokers — Surveyors — Railways and Carriers, &c. sc. 

" No EngUshman ought to be without this book." — Engineer. 

** What it professes to be— a complete epitome of the laws of this country, thoroogUy 
IntdligiUe to non-professional readers."— ^r/^j Lt/e. 

Auctioneer's Assistant 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c By John Wheeler, \^uer, &c 
Fourth Edition, enlarged, by C Norris. Royal 32mo, cloth, 5x. 
" A neat and concise hotJk. of reference, containing an admuable and dearly- 

amuiged list of prices for inventories, and a very practical guide to det^nine toe 

value of furniture, Ac^^Standard. 

Pawnbrokef^s Legal Guide, 

THE PAWNBROKER'S, FACTOR'S, and MERCHANT'S 
GUIDE to the LAW of LOANS and PLEDGES. By H. C. 
FoLKARD, Esq., Bairister-at-Law, Author of the " Law of Slander 
and Libel," &c. With Additions and Corrections to 1876. i2mo, 
doth boards, 3x. 6f/. 

Hot4se Property. 

HANDBOOK OF HOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures ; with Explanations and Examples of all kinds of Valua- 
tions, and useful Information and Advice on Building. By Edward 
Lance Tarbuck, Architect and Surveyor. i2mo, ^s. cloth boards. 

"We are glad to be able to recommend it." — Builder. 

*' The advice is thoroughly practical." — Law yonmal. 

Bradbnrf , Acneir, ft Co., Printera, Whit^friaii, London. 
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architecture, building, etc. 

No. 
16. ARCHirECTORE— ORDERS— ■Qi.e Orders and their -XBthetie 



of Desin. ._ 

if the 



18. AAciHTEcfuR^—DESlGN-^^'v^dp^^^ Desiffn ii 

Architeclun, u ditducibls from Nature and uemplifcd \a the Wocb of th 



Gnxk and Gothic Archltecti, Bf B. L. G, 



■'UaoiiH Architiciubi." Prici (a. 
it. TBE ART OF BUILDING, Rudimems of. Genersd Prindplei 
of Conitnictian, Material! used in Bnildinr, ScreogCh and U» of Matenali, 

Worhine Drawing., Specification., and Eitimato. Bj Edv 

M.R.I.B.A., »r. lllv — ' - 



23. BRICKS AND TILES, Rtidimentaiy Treatise on the Mannfae- 

turs of; conuining an Ootline of the Principle! of Brickmnkinr. Br Br- 
DoBWH.M.R.I.B.A. With Addition! b;C.TaKUK30H,F.K.S.IiruitTaled, 

CROSBY LOCKWOOD AND CO., 7, STATIONERS' HALL COURT, l.C. 
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25. MASONRY AND STONECUTTING, Rudimentaiy Treatise 
on ; in which the Principles of Masonic Projection and their applicaticRi ta> 
the Constraction of Curved Wing-Walls, Domes, Obliqae Bridns, and 
Roman and Gothic Vaulting are concisely explained. By Kdwa&o j[)obsok, 
M.B.I.B.A^ ftc. Illustrated with Plates and Diagrams. 2s. 6d. 

44. FOUNDATIONS AND CONCRETE fR^^JT^, a Rudimentary 

Treatise on ; containing a Synopsis of the principal cases of Foandation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, B^on, Pile-driving, Caissons, and 
Cofferdams. By £. Dobson, M.R.I.B.A., 8kc. Fourth Edition, revised by 
Gbosgi Dodd, C JB. lUustzated. xs. 6d. 

42. COTTAGE BUILDING, By C. B&UCB AxLBN, Architect 

Eleventh Edition, revised and enlarged. Numerous Illustrations, zs. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, ftc. By G. R. Burnsll, C.E. Ninth Edition, zs. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise Exposition of the General Principles of the Art of Warm- 
inir and Ventilating liomestic and Public Buildings, Mines, Lighthouses, 
Ships, &c. By Charlbs Tomlinsom, F 3.S., 8cc. illustrated. 3s. 

«3»». CONSTRUCTION OF DOOR LOCKS, Compiled from the 
Papers of A. C. Hobbs^ Esq., of New York, and Edited by Chaklbs Tom- 
LiNSON, F.R.S. To which is added, a Description of Fenby's Patent Locks, 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. Illns. ss. 6d. 

III. ARCHES, PIERS, BUTTRESSES, 6fc,: ExperimenUl Essays 
on the Principles of Construction in ; made ^ith a view to their being useml 
to the Practical Builder. By William Bland. Illustrated, zs. 6d. 

1X6. THE ACOUSTICS OF PUBLIC BUILDINGS; or. The 
Principles of the Science of Sound applied to the purposes of the^Architect and 
Builder. By T. Roger Smith, M.K.I.B.A., Architect. Illustrated, ts. 6d. 

124. CONSTRUCTION OF ROOFS, Treatise on the, as regards 
Carpentry and Joinery. Deduced from the Works of Robison, Price, and 
Trbdoold. Illustrated, zs. 6d. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, zs. 6d. 

128. VITRUVIUS—THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO, In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.SA., F.R.A.S. With 23 Plates. 5s. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with a Historical View of the Rise and Progress of theAjit in 
Greece. By the Earl op Aberdeen, zs. 
%• The two Preceding Works in One handsome VoLy half bound, entitled "Ancient 

Architecture." Price 6s. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d. 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers^ Painters', Paper- 
hangers', Gilders*, Smiths', Carx)enters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlareed Edition. Illns. zs. 6d. 

175. LOCK WOOD &- CO:S BUILDER'S AND CONTRACTORS 
PRICE BOOK, for Z878, containing the latest Prices of all kinds of Builders' 

* Materials and Labour, and of all Irades connected with Building: Lists of 

the Members of the Metropolitan Board of Works, of Districts, District 
Officers, and District Surveyors, and the Metropolitan Bye-laws. Edited by 
Francis T. W. Miller, Architect and Surveyor. 3s. 6d. 

182. CARPENTRY AND JOINERY— Tn^ Elementary Pmn- 

ciPLfS OF Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E. With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyitoham 
Tarn, M.A. Numerous Illustrations. 3s. 6d. 

LONDON: CROSBY LOCKWOOD AND CO., 
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i82*. CARPENTRY AND JOINERY. ATLAS of 35 Plates to 
accompany the foregoing book. With Descriptive Letterpress. 4to. 6s. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 

wick. New, Revised, and enlarged Edition. By G. IIuskisson Guillaume, 
Architect. With numerous Woodcuts. 3s. 6d. 

188. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

WRITING: A Practical Manual of. With 9 Coloured Plates of Woods 
and Marbles, and nearly 150 Wood Engravings. By Eixis A. Davidsoi*. 
Second Edition, carefully revised, 5s. \yusi published. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING. 

In Six Sections : General Principles ; Arch Drawine, Cuttini^, and Setting ; 
Pointing; Paving, Tiling, Materials; Slating and Plastering; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PL UMBING. A Text-Book to the Practice of the Art or Craft of 

the Plumber. With Chapters upon House Drainage, embodving the latest 
Improvements. Containing about 300 Illustrations. By W. P. Buchan, 
Sanitary Engineer. 3s. [yust Published* 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard £. Grandy. 
Second Edition, Revised. 3s. 



CIVIL ENGINEERING, ETC- 

13. CIVIL ENGINEERING, the Rudiments of; for the Use of 
Beginners, for Practical Engineers, and for the Arm^f and Navy. By Henry 
Law, C.E. Including a Section on Hydraulic Engineering^, by Gborgb R. 
BuRNBLL, C.E. 5th Edition, with Notes and Illustrations by Robbrt 
Mallet, A.M., F.R.S. Illustrated with Plates and Diagrams. 5s. 

29. THE DRAINAGE OF DISTRICTS AND LANDS. By G. 

Drysdalb Dempsby, C.E. New Edition, enlarged. Illustrated, is. 6d. 

30. THE DRAINAGE OF TOWNS AND BUILDINGS. By 

G. Drysdalb Dbmpsey, C.E. New Edition. Illustrated. 28. 6d. 
\* With " Dminage 0/ Districts and Lands," in One Vol., 3;. 6d. 

31. WELL-DIGGING, BORING, AND PUMP-WORK. By 

John Gborgk Swindell, Assoc. R.I.B.A. New Edition, revised by G. R. 
Burnbll, CE. Illustrated. is.6d. 
3$. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blowing up of Bridges. 
By Gen. Sir John Burgoynb, Bart., K.C.B. Illustrated, is. 6d. 

43. TUBULAR AND OTHER IRON GIRDER BRIDGES. 

Particularly describing the Britannia and Conway Tubi/lar Bridges. 
With a Sketch of Iron Bridges^ and Illustrations of the Application of 
Malleable Iron to the Art of Bridge Building. By G. D. Dempsby, C.E. 
New Edition, with Illustrations, zs. 6d. 

^. RAILWAY CONSTRUCTION, Elementary and Practical In- 
struction on. By Sir Macdonald Stephenson, C.E. New Edition, enlarged 
by Edward Nugent, C.E. Plates and numerous Woodcuts. 3s. 

«o». EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embankments, and also Practical Remarks on the 
Repair of old Sea Walls. By John Wiggins, F.G.S. New Editiua, with 
Notes by Robert Mallbt, F.R.S. 2s. 

81. WATER WORKS, for the Supply of Cities. and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencinp^ Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Water. By Samuel Hughes, i^'.G.S., C.E. New Edition, 
revised and enlarged, with numerous Illustrations. 4s. 
S2**. GAS WORKS, and the Practice of Manufacturing and Distributing 
Coal Gas. Bv Samuel Hughes, C.E. New Edition, revised by W. 
Richards, C.E. Illustrated. 3s. 6a. 

7, STATIONERS' HAU. COURT, LUDGATE HILL, E.C. 
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CivU Engineering, etc, cotOimud, 

117. SUBTERRANEOUS SURVEYING; an Elementary and Fhu:- 

tical Treatiie on. Bjr Thomas Fbmwick. Also the Method of Coadvctiiit 
Snbtenmneoas S un re ys withovt the Use of Uie Magnetic Needl^ and odier 
aodera Impvoveaeats. Bjr Thomas Bakbk, C.E. ninstnted. as. 6d. 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of^ Bf David Sis vu sow, F.R.S^., he. Plates and Diagnuns. 3s. 

121. RIVERS AND TORRENTS. With the Method of Regnlatmg 
their Cotuses and Channels. By Professor Paul Frisi, F.R.S., of Milan. 
To which it added, AN £SSAY ON NAVIGABLE CANALS. Translated 
by Major-Gcneral John Gaxstin, of the Bengal Engineers. Plates, as. 6d. 

197- ROADS AND STREETS {THE CONSTRUCTION OF)^ 
in two Parts : I. Thb Art or Constructino Common Roads, by Hbm ar 
Law, C.E., revised and condensed by D. Kinnear Clark, C.E. ; II. Rrcbnt 
pRAcncB IN THI CoRSTROCTiOH or KOADs AND Strsbts, inclndinrpaTeoicnts^ 
. of Stone, Wood, and Asphalte, by D. K. Clark, M.I.C.E., wi£ nnmerons 
niostrations. 4s. 6d. [Ji$ai fuUuJktd. 

MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Con.<ttruction of, and other Machinery for Raising 

Heavy Bodies for Uie Erection of Buildings, and for Hoisting Goods. By 
JosBPH Gltnn, F JI.S., ftc. Illustrated, is. 6d. 

34. THE STEAM ENGINE, a Radimentaiy Treatise on. B7 Dr^ 

Lardnrr. lUnstrated. zt. 6d. 

59. STEAM BOILERS: their Constraction and Management By 
R. Armstrong, CE. Illnstrated. zs. 6d. 

63. AGRICULTURAL ENGINEERING : Farm Bufldings, Motive 
Power, Field Machines, Machineiy, and Implements. By G. H. Andmrws,. 
CE. Illostrated. ts. 

67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. By Sir Edmund Bbckbtt (late Edmund Bbckbtt Dbnison, LL.D., Q.C.)^ 
A new. Revised, and considerably Enlarged Edition (the 6th), with 



nnmerons Illustrations. 4s. 6d. \yu*t fuhUslud^ 

77». THE ECONOMY OF FUEL, particularly with Reference to 
Reverbatory Furnaces for the Manu£scturo of Iron, and to Steam Boilecs. 
By T. Symbs Pridbauz. zs. 6d. 

82. THE POWER OF WATER, as appUed to drive Flour Mills,, 
and to g^ve motion to Turbines and other Hydrostatic Engines. By Josmvm. 
Gltnn, F.R.S., fltc. New Edition, Illustrated, as. 

98. PRACTICAL MECHANISM, the Elements of; and Machine 
Tools. By T. Bakbr. C.£. With Remarks on Tools and Biachineiy, by- 
J. Nasmyth, C.E. Plates, as. 6d. 

114. MACHINERY, Elementary Principles of, in its Construction and« 
Working. Illustrated by numerous Examples of Modem Machineiy for- 
different Branches of Manufacture. By C. D. Abbl, C.E. is. 6d. 

15. ATLAS OF PLATES. lUustrating the above Treatise. By 
C. D. Abbl, C.E. 7s. 6d. 
125. THE COMBUSTION OF COAL AND THE PREVENTIOIT 
OF SMOKE, Chemically and Practically Considered. With an Appendix^ 
By C. Wyb Williams, A.I.C.E. Plates. 3s. 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 
of, with Rules at length, and Examples for the Use of Practical Men. By 
T. Baker, C.E. Illustrated, is. 6d. 

162. THE BRASS FOUNDER'S MANUAL; Instructions for 



Modelling, Pattern-Making, Moulding, Turning, Filinr, Bumishingf^ 
Bronsing, ice. With copious Receipts, numerous Tables, and Notes on Prime 
Costs and Estimates. By Walter Graham. Illustrated, ss. 6d. 



164. MODERN WORKSHOP PRACTICE, as applied to Marine,. 
Land, and Locomotive Engines, Floating Docks, Dredging Machines^ 
Bridges, Cranes, Ship-building, tec, fltc. By J. G. Winton. Illustrated. 3^ 

LONDON: CROSBY LOCKWOOD AND CO., 
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Mechanical Engineering, etc., continued, 

165. IRON AND HEATy exhibiting tbe Principles concerned in the 
Constmctioii of Iron Beams, Pillan, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. as. 6d. 

i66. POWER IN MOTION: Horee-Power, Motion, Toothed-Whed 
Gearing, Long and Short Driving Bands, Angular Forces. By Jambs 
Armour, C.E. With 73 Diagrams, as. 6d. 

167. THE APPLICATION OF IRON TO THE CONSTRUCTION 
OF BRIDGES, GIRDERS, ROOFS, AND OTHER WORKS. By 
Francis Campin, C.E. Second Edition, revised and corrected. Nnmerons 
Woodcuts. 2s. 6d. 

171. THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Engineer, Instructor in Enjrineeiing 
Drawing, Royal Naval College, Greenwich. Third Edition. Ifiustrated 
with 7 Plates and nearly 350 "^i^^odcnts. 3s. 6d. 

190. STEAM AND T^ STEAM ENGINE, Stotionaiy and 
Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 
By D. Kinnsar Clark, M.I.C.E., Author of *' Railway Machinery," ftc., 
&c. With numerous Illustrations. 3s. 6d. 



' SHIPBUILDING, NAVIGATION, MARINE 

) ENGINEERING, ETC. 

. 51. NAVAL ARCHITECTURE, the Rudiments of; or, an Exposi- 

tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for uie Use of Beginners. "Bif 

i!>) Jambs Pbakb, School of Naval Architecture, H.M. Dockyard, Portsmouth. 

i^ Fourth Edition, corrected, with Plates and Diagrams. 3s. 6d. 

53». SHIPS FOR OCEAN AND RIVER SERVICE, Elemcntaiy 

■^* and Practical Principles of the Construction of. By Hakon A. Sommsr- 

'^ FBLDT, Surveyor of the Royal Norwegian Navy. Wiu an Appendix, zs. 

'^ 53»». ANA TLAS OFENGRA VINGS to Illustrate the above. Twelve 

f. large folding plates. Royal 4to, cloth. 7s. 6d. 

K 54. MASTING, MASTMAKING, AND RIGGING OF SHIPS, 

Rudimentarv Treatise on. Also Tables of Spars, Rigging, Blocks ; Chain, 
^ i Wire, and Hemp Rones, &c., relative to every class of vessels. Tcwether 

'.'y, with an Appendix of Dimensions of Masts and Yards of the Rojral Navv of 

J. i} Great Britain and Ireland. By Robbrt Kipping, N.A. Fourteenth Edition. 

Illustrated, as. 

i^ 54*. IRON SHIPBUILDING, With Practical Examples and Details 

^ for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 

suiting Engineer and Naval Architect. 5th Edition, with Additions. 4t. 

53^' 54»». AN ATLAS OF FORTY PLATES to Illustrate the above. 

yiJd. Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates 

^ "Warrior," "Hercules"' " Bellerophon ; " H.M. Troop Ship "Serapis," 

J. : Iron Floating Dock, ice, &c. 4to, boards. 38s. 

•■^ 55. THE SAILOR* S SEA BOOK: a Rudimentary Trtatise on 

^fit Navigation. I. How to Keep the Log and Work it off. 11. On Finding the 

"''^1^ Latitude and Longitude. By Jambs Grbbnwood, B.A., of Jesus Coll^^e, 

\^^ Cambridge. To ^ich are added. Directions for Great Circle Sailing; an 

^ Essay on the Law of Storms and Variable Winds ; and Explanations of 

^P^ Terms used in Ship-building. Ninth Edition, with several Engravings aad 

/jjjlk Coloured Illustrations of the Flags of Maritime Nations, as. 

80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 

J^ on. Together with Practical Remarks on the Screw and Propelling Power, 

^ as used in the Royal and Merchant Navy. Ey Robbrt Murray, CB., 

k^i^' Engineer-Surveyor to the Board of Trade. With a Glossary of Technical 

^"^ Terms, and their Equivalents in French, German, and Spanish. Fifth Edition, 

^ M revised and enlarged. Illustrated. 3s. 

\^lt ■ ^ 
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Shipbuilding, Navigation, etc., continued. 

SSbif. THB FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally DeriTed. on •ome of the Princtplet refalating Ship-bnildiaf . B7 W. 
Bland. Sixta Editioa, revised, with namexous lUnstration* and Moods, u. 6d. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theoqf 
and Practice. With Attempts to facilitate the Findinr of the Tine and tiie 



LoBfitude at Sea. Bjr J. R. Youno, fonaeriy Professor of Mathwnatira is 
Beltest College. Illastrated. 2S. 6d. 

ioo«. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R* 
YouMO. IS. 6d. 

106. SHIPS* ANCHORS^ a Treatise on. By George Cotsell, 
NA. Blastrated. is.6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draosihting, and the Centre of Effort of the Sails. Also, Weigbti 
and Sixes of Ro^ ; Mastinr, Rigging, and Sails of Steam Vessels, &c, &c. 
Tenth Edition, enlarged, with an Appends. By Rom&T Kippdcc, NA, 
Sailmaker, Quayside, Newcastle. Ilfnstrated. ss. 6d. 

155. THB BNGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Encinbbr. Rensed by D. 
F. M'Carthy, late of the Ordnance Snnrey Office, Southampton, js. 



PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. CHEMISTRY, for the Use of Beginners. By Professor Geokgs 

FowMBS, F.R.S. With an Appendix, on the Application of Chemistry to 
Agriculture, zs. 

2. NATURAL PHILOSOPHY, Introduction to the Study of; for 

the Use of Beginners. By C. Tomlinson, Lecturer on Natural Science va 
King's Coll^pe School, London. Woodcuts, is. 6d. 

4. MINERALOGY, Rudiments of; a concise View of the Properties 
of Minerals. By A. Ramsat, Jun. Woodcuts and Steel Plates. 3s. 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

|>osition of the General Principles of Mechanical Science, and their Applica- 
tions. Br Charlbs Tomlinson, Lecturer on Natural Science in iLing's 
College School, London. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been appliea. By Sir W. Snow 
Harris, F.R.S., &c. With considerable Additions by R. Sabinb, C.E., 
F.S.A. Woodcuts. IS. 6d. 
7*. GALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Edition, revised, with considerable Additions, by Robert Sabinb, CE., 
F.SJI. Woodcuts. IS. 6d. 

8. MAGNETISM; being a concise Exposition of the Creneral Prin- 

ciples of Ms^gnetical Science, and the Purposes to which it has been applied. 
By Sir W. Snow Harris. New Edition, revised and enlaiged by H. M. 
NoAD, Ph.D., Vice* President of the Chemical Society, Author of "A 
Manual of Electricity," acc.,&c. With 165 Woodcuts. 3s. 6d. 

I. THE ELECTRIC TELEGRAPH; its History and Progress; 
with Descriptions of some of the Apparatus. By R. Sabine, C.E., F.S.A., ftc. 
Woodcuts. 3s. 

12. PNEUMATICS, for the Use of Beginners. By Charles 
Tomunson. Illustrated, is. 6d. 

72. MANUAL OF THE MOLLUSCA ; a Treatise on Recent and 
Fossil Shells. By Dr. S. P. Woodward, A.L.S. With Appendix by 
Ralph Tatb, A.L.S., F.G.S. With numerous Plates and 300 Woodcuts, 
6s. 6d. Cloth boards, 7s. 6d. 

LONDON: CROSBY LOCKWOOD AND CO., 
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Physical Science, Natural Philosophy, etc., continued, 

'J^*^. PHOTOGRAPHY, Popular Treatise on; with a Description of 
the Stereoscope, &c. Translated from the French of D. Van Monckuovbn, 
by W. H. Thornthwaite, Ph.D. Woodcuts, xs. 6d. 

96. ASTRONOMY. By the Rev. R. Main, M.A., F.R.S., &c. 
New and enlarged Edition, with an Appendix on " Spectrum Analysis." 
Woodcuts, xs. 6d. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 
, embracing also a clear development of Hydrostatics, Hydrodynamics, and 
' Central Forces. By T. Baker, C.£. xs. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 
s Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 

^ ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 

enlarged : to which is appended, QUESTIONS on MAGNETISM, ELEC- 
f TRICITY. and PRACTICAL TELEGRAPHY, for the Use of Students, 

by W. McGregor, First Assistant Superintendent, Indian Gov. Telegraphs. 
j Woodcuts. 3s. 

J 143. EXPERIMENTAL ESSAYS. By Charles Tomlinson. 

I. On the Motions of Camphor on Water. II. On the Motion of Camphor 
towards the Light. III. History of the Modem Theory of Dew. Woodcuts, xs. 

I 173. PHYSICAL GEOLOGY, partiy based on Major-General Port- 

I lock's " Rudiments of Geology." By Ralph Tate, A.L.S., &c. Numerous 

Woodcuts. 2S. 

174. HISTORICAL GEOLOGY, partly based on Major-General 
PoRTLOCK*s " Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts. 2s. 6d. 

^ 173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 

^ Historical. Partly based on Major-General Portlock's "Rudiments of 
«... Geology." By Ralph Tate, A.L.S., F.G.S., &c., &c. Numerous Illustra- 
' T" tions. In One Volume. 4s. 6d. 

t 183. ANIMAL PHYSICS, Handbook of. By Dionysius Lardner, 

^ D.C.L., formerly Professor of Natural Philosophy and Astronomy in Uni- 
versitv College, London. With 520 Illustrations. In One Volume, cloth 
; 1 04* boards. 7s. 6d. 

%• Sold also in Two Parts ^ as follows : — 
I 183. Animal Physics. By Dr. Lardner. Part I., Chapter I— VII. 48. 

184. Animal Physics. By Dr. Lardner. Part II. Chapter VIII— XVIII. 3s. 



MINING, METALLURGY, ETC. 

117. SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.£. Illustrated, as. 6d. 

133. METALLURGY OF COPPER ; an Introduction to the Methods 

of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamborn, Ph.D. Woodcuts. 2s. 6d. 

134. METALLURGY OF SILVER AND LEAD. A Description 

of the Ores ; their Assay and Treatment, and valuable Constituents. By Dr. 
R. H. Lamborn. Woodcuts. 2s 

135. ELECTRO-METALLURGY; Practically Treated. By Alkx- 

ANDER Watt, F.R.S.S.A. New Edition, enlarged. Woodcuts. 2s. 6d. 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. Comprising Observations on the Materials from, and 
Processes by, which they^ are manufactured ; their Special Uses, Applica- 
tions, Qualities, and EfiBciency. By Wiluam Morgans, Lecturer on Mining 
at the Bristol School of Mines. 2s. 6d. 

I72*. MINING TOOLS, ATLAS of Engravings to Illustrate the 
above, containing 235 Illustrations of Mining Tools, drawn to Scale. 4to 
4s. 6d. 

7, STATIONERS* HALL COURT, LUDGATE HILL, E.G. 
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Mining, Metallurgy, etc., conHnuetL 

176. METALLURGY OF IRON, a Treatise on the. Containing 

Hiftonr of IroQ llaniidictiife. Methods of Assay, and Anahrses of Iron Orei, 
PMcossos of Maavfiutare of Iran and Steel, ftc. Bjr H. Baubuiam, F.GJS. 
Ponrtb Edition, enlarged, witii n«nier6ns Illnstratioos. 4s. 6d. 

l8a COAL AND COAL MINING: A Rndimentarr Treatise on. 
By Wakimoton W. SMmi. MJk., F.ILS., ftc.. Chief Inspector of tbe 
Mines of the Crown and ot the Duchy of Cornwall. New Edition, reviied 
and rorrected. With noncrous Illnstrations. u. 6d. 

195. THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, with new Traverse Tables; and Descriptions of Imwoved 
Instnunents ; also the Correct Principles of Layin^^ out and Yaluins Mineral 
P roper ti es. By William LiirrBRN, Mining and Civil Engineer. With 
ibnr Plates of Diagrams, Plans, fltc. 3s. 6d. {Non Ready, 

EMIGRATION. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emtflpration. With Hints on Preparation for 
Emigrating, OntBts, ftc., fltc. With Directions and Recipes useful to the 
Emigrant. With a Map of the World, as. 
157. THE EMIGRANTS GUIDE TO NATAL. By Robert 
Jambs Mann, FJI.A.S., FJ£.S. Second Edition, caxefnlly corrected to 
the present Date. Map. ss. 

159. THE EMIGRANTS GUIDE TO AUSTRALIA, New South 

WaUt, WettetH AtafnUtd, South Amsttu/td, Victoria^ artd Q;iteeHsla$id. By 
the Rev. Jambs Baird, B.A. Map. 9», 6d. 

160. THE EMIGRANTS GUIDE TO TASMANIA and NEW 

ZEALAND. By the Rev. Jambs Baird, B.A. With a Map. ss. 

lyt^UTHE EMIGRANTS GUIDE TO AUSTRALASIA. By the 

z6o« Rev. J. Baird, B.A. Comprising the above two volumes, cloth hoards. 5& 

AGRICULTURE. 
29. THE DRAINAGE OF DISTRICTS AND LANDS. By 

G. Drysdalb Dbmpsby, C.E. Illustrated, is. 6d. 
V W»*h *• Druinoge of Towns and Buildings;' in One Vol., jx. &/. 
63. AGRICULTURAL ENGINEERING: Fann Buildings, Motive 
Powers and Machinery of the Steading, Field Machines, and mplements. 
Hy G. H. Andrbws, CjE. Illustrated, is. 

66. CLAY LANDS AND LOAMY SOILS. By Professor 

Donaldson, is. 
131. MILLER'S, MERCHANTS, AND FARMER'S READY 

RECKONER, for ascertaining at sight the value of any quantity of Com, 
from One Bushel to One Hundred Quartern, at any given price, from £x to 
)f 5 por Or. With approximate values cf Millstones, Millwork, &c. zs. 

14a SOILS, MANURES, AND CROPS. (Vol. i. Outlines of 
MoDBRN Farming.) By R. Scott Burn. Woodcuts, as. 

141. FARMING AND FARMING ECONOMY, Notes, Historical 

and Practical, on. (Vol. 2. Outlinbs of Modbrn Farming.) By R. Scott 
Burn. Woodcuts, ts. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OuTUNBS OP Modbrn Farming.) By R. Scott Burn. Woodcuts, ss. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Burn. With Notes on the Diseases of Stock. (Vol. 4. Outunbs 
OF Modbrn Farming.) Woodcuts, ss. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. <. Outunbs of Modbrn 
Farming.) By R. Scott Burn. Woodcuts, as. od. 
%* Nos. i40-z-a-5-6, m One Vol., handsomely half-bound, entitled "Outunbs of 
Modbrn Farming." By Robbrt Scott Burn. Price las. 

177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil, Revised by Geo. Glbnny. 187 Woodcuts. 3s. 6d 

LONDON: CROSBY LOCKWOOD AND CO., 
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FINE ARTS. 

26. PERSPECTIVE FOR BEGINNERS, Adapted to Young 

Students and Amateurs in Architecture, Painting, &c. By Gborgb Pyne, 

Artist. Woodcuts. 2s. 
40 GLASS STAINING; or, Painting on Glass, The Art of. Com- 
Sc prising Directions for Preparing the Pigments and Fluxes, laying them upon 
^j^ the Glass, and Firing or Burning in the Colours. From the German of Dr. 
^ * Gbssbrt. To which ii eddxl, an Appendix on Thb Art op Enamblung, 

&c., with The Art of Paivting on Glass. From the German of Emanuel 

Utto Frombkrg. In One Vc I ime. 2s. 6d. 

69. MUSICt A Rudimentary and Practical Treatise on. With 
numerous Examples. By Charles Child Spencer, ss. 6d. 

71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises and Lessons. Written and Selected nrom the Best Masters, by Charles 

181. PAINTING POPULARLY EXPLAINED, including Fresco, 

Oil^ Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature. 
Painting on Ivory, Vellum. Pottery, Enamel, 6lass, Sec. With Historical 
.Sketches of the Progress ot the Art by Thomas John Gullick, assisted by 
John Timbs, F.S.A. Third Edition, revised and enlarged, with Frontispiece 
and Vignette. 5s. 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlanred and 
adapted to the Use of the Ornamental Painter and Designer. By £lus A. 
Davidson, Author of " Drawing for Carpenters," &c. With two new 
Coloured Diagrams and numerous Engravings on Wood. 2S. 6d. 



ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting, and Using them 
are concisely Explained. ^ By J. F. Heather, M. A., of the Royal Military 
Academy, Woolwich. Original Edition, in x vol., Illustrated, zs. 6d. 
*»• In crdertHg^ltke above, becarefulio say, ** Original Edition,** or give the number 
in the Series (32) to distinguish it from the Enlarged Edition in 3 vols. 
INos, Z68-0-70.) 
60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modem Improvements. Arranged for the Use of Schools and 
Private Students ; also ror Practical Land Surveyors and Engineers. By 
T. Baker. C.E. New Edition, revised by Edward Nugent, C.E. Illni- 
trated witn Plates and Diagrams, ss. 
€1; READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Ptice of Work, from as. 6d. to j^z per acre, and 
Tables for the Valuation of Land, from zs. to ;^z,ooo per acre, and from one 
pole to two thousand acres in extent, &c.. See. is. 6d. 

76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theoryof Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with i4Plates. 2s. 
178. PRACTICAL PLANE GEOMETRY: giving the Simplest 
Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, MA. With 2x5 Woodcuts, at. 
9. PROJECTION : Orthographic, Topographic, and. Perspective: 
givine the various Modes of Dehneating Solid Forms by Constructions. on a 
Single Plane Surface. By T. F. Heather, M.A. [/n preparation. 

•^* The above three volumes will form a Complete Elementary Course of 

Mathematical Drawing. 
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Arithmetic, Geometry, Mathematics, etc., continued, 

83. COMMERCIAL BOOK-KEEPING. With Commeicial Fbxases 

and Forms is Enylisb. French, Italian, and Genaaa. By Jambs Hadooh, 
M.A., Arithmetical Master of King's Collage School, London, is. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerons Examples for Practice. For 
the Use of Schools and for Self-Instmctioa. Bv J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, zs. 6d. 

84** A Kby to the above, containing Solutions in fnll to the Exercises, t<Meetfaer 
with Comments, Explanations, and Iinproved Processes, for the Use dF 
Teachers and Unassisted Learners. By J. R. Young, is. 6d. 

85. EQUA TIONAL ARITHMETIC, appUed to Questions of Interest, 
85*^. Annuities, Life Assurance, and General Commerce ; with various Tables by 

which all Calculations may be greatly facilitated. By W. Hipslbt. as. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. IVlth Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various piuts of Algebra, as. 

86*. A Kby and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements of : with many additional Propositions 
80. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Hbnky Law, C.E. as. 6d. 

*•* Sold alw *efartttely^ viz, : — 

88. EucuD, The First Three Books. By Hbnry Law, C.E. is. 

89. EucuD, Books 4, 5, 6, 11, la. By Hbnry Law, C.E. is. 6d. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By Jambs Hann, late Mathematical Master or 
King's College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College, as. 

91. PLANE TRIGONOMETRY^ the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 

92. SPHERICAL TRIGONOMETRY, the Elements of. By James 

Hann. Revised by Charles H. Dowung, C.E. is. 
%• Or with " The EUmenis 0/ Plane TrigoMomeiry" in One Volumu, as. 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes or 
Modem Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

94. LOGARITHMS, a Treatise on; with Mathematical Tables for 

facilitating Astronomical, Nautical, Tri^nometrical, and Logarithmic Calca> 
lations ; i^bles of Natural Sines and Tangents and Natural Cosines. By 
Henry Law, C.£. Illustrated, as. 6d. 

loi*. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhousb, F.R.A.S., &c. is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By James Hann, 

late of King's College, London. Illustrated, is. 

loi. DIFFERENTIAL CALCULUS, Examples of the. By W. S. B. 
WooLHOUSR, F.R.A.S., &c. IS. 6d. 

104. DIFFERENTIAL CALCULUS, Examples and Solutions of the. 

By James Haddon, M.A. is. 
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Arithmetic, Geometry, Mathematics, etc., continued, 
105. MNBMONICAL LESSONS. — Geometry, Algebra, and 

Trigonombtrt, in Easy Mnemoni?al Lessons. By the Rey. Thomas- 
PEmrNGTOvr Kirxman, M.A. is. 6d. 

*I36. ARITHMETIC, Rudimentary, for the Use of Schools and Self. 
Instruction. By Jambs Haddon, MA. Revised by Abraham Arman- 
is. 6d. 

137. A ICby to Haddon's Rudimentary Arithmetic. By A. Arman. xs. 6d. 

147. ARITHMETIC, Stepping-Stone to ; being a Complete Course 

of Exercises in the First Fonr Rules (Simple and Compound), on an entirely 
new principle. For the Use of Elementary Schools of every Grade. IntendedT 
as an Introduction to the more extended works on Arithmetic. By Abraham> 
Arman. zs. 

148. A Key to Stbpping-Stonb to Arithmetic. By A. Arman. zs. 

158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.£. With a 
Slide Rule in tuck of cover. 3s. 

\(i%, DRAWING AND MEASURING INSTRUMENTS, Includ- 
\ng — ^I. Instruments employed in Geometrical and Mechanical Drawing,, 
and in the Construction, Copying, and Measurement of Maps and Plans.. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather^ M.A., late of the Royal 
Military Academy. Woolwich, Author of *' Descriptive Geometry," &c., 8cc.. 
Illustrated, zs. 6a. 

169. OPTICAL INSTRUMENTS. Jnduding (more especiaUy) Tele- 

scopes, Microscopes, and Apparatus fdr producing copies of Maps and Plans- 
by Photography. By J. F. Heather, M.A. Illustrated, zs. od. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — ^I. Instruments Used for Determining the Geometrical Features, 
of a portion of Ground. II. Instrtmients Employed in Astronomical Observa- 
tions. By J. F. Heather, M.A. Illustrated, is. 6d. 

\* The above three volume* form, an enlargement of the Author' i original worh^ 
** Mathematical Instruments: their Construction, Adjustment^ Testing^andUse, 
the Eleventh Edition of which is on sale^ Price is. 60. (See No. 32 in the Series.'S 

i^-^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

169. > M.A. Enlarged Edition, for the most part entirely re- written. The 3 Parts as* 
Z70.^ above, in One thick Volume. With numerous Illustrations. 4s. 6d. 

185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided, Octaeonal- 
sided^ Round Timber and Stone, and Standing Timber. With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for the accommodation of Timber-growers, Mer- 
chants, and Surveyors, Stonemasons, Architects, and others. By Richard* 
HoRTON. Third Edition, with valuable additions. 4s. 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Di£Bcult Computations of 
Interest, Discount, Annuities, 8cc. By FI(oor Thoman, of the Soci6t6 Cr6dit 
Mobilier, Paris. 4s. [^Nazo ready. 



LEGAL TREATISES. 



50. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, revised and considerably 
enlarged. 38. [Just published, 

151. A HANDY BOOK ON THE LAW OF FRIENDLY, IN~ 
DUSTRIAL 6- PROVIDENT BUILDING &> LOAN SOCIETIES.. 
With copious Notes. By Nathaniel White, of H.M. Civil Service, zs. 

163. THE LAW OF PATENTS FOR INVENTIONS; and oiv 
the Protection of Designs and Trade Marks. By F. W. Campin, Barrister- 
at-Law. 2s. 
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MISCELLANEOUS VOLUMEIS. 

t6. A DICTIONARY OF TERMS used m ARCHITBCTmJR, 
BUtLD!NG, BNGiNBBRtNG, MtNtNG, MBTALLURGY^ARCHA- 
OLOGY, ike FINB ARTS, &<. Bj Tohm Wbalb. Fifth Kdition. Revned 
hy Ron&T Huirr, F J(,.S., Keeper of Miaing Records. Nunenms Obf 
tnttioiM* 5s* 

I a. MANUAL OF DOMESTIC MEDICINE. By R. Goodxho, 
B.A.. M.B. Intended as a Famfly Gvide in all Cases of Acddeat tad 



%•. MANAGEMENT OF HEALTH. A Kaiuial of Home and 
Personal Hygiene. By the Rev. Jambs Baihd, B.A. zs. 

13. FIELD ARTILLERY ON SERVICE. By Taubkrt, Captain 

Prassiaa Artillery. Translated by Lient..Col. H. H. Maxwxzx. is. 6d. 
i: SWORDS, AND OTHER ARMS. By Col. Majlkit. Thuubted 

by Col. H. H. Maxwsil. With Plates, zs, 
5a LOGIC, Pure and Applied. By S. H. Emmxns. Xluid 

Edition. IS. 6d. 

52. PRACTICAL HINTS FOR INVESTING MONEY. With 

an Explanation of the Mode of Transacting Business on the Stock Exchange. 
By FRANas Playford, Sworn Broker, zs. 6d. 

53. SELECTIONS FROM LOCKE'S ESSAYS ON THE 
HUMAN UNDERSTANDING, With Notes by S. H. Emmbks. ss. 

93. HANDBOOK OF FIELD FORTIFICATION, intended forthe 
Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. By Major W. W. KNOLLYS, F.R.G.S., 93^ 
Sutherland Highlanders, See. With 163 Woodcnts. 3s. 
494. THE HOUSE MANAGER: Being a Guide to Housekee^. 
Practical Cooker^r, Pickling and Preserving, Household Work. DaiiT 
Mans^gement, the Table and Dosert. Cdlarage of Wines, Home>brewne 
and Wine-makingt the Boudoir ana Dressing-room, Travelling, Stshle 
Economy, Gardenmg Operations, See. By An Old Housbkbbpbr. js. w. 



EDUCATIONAL AND CLASSICAL SEBIES. 



HISTORY. 

I. England, Outlines of the History of; more especiallv witi 

reference to die Oriein and Progress of the English Constitution. A T^^ 
Book for Schools and Colleges. By William Douglas Hamilton, F.SA.> 
of Her Majesty's Public Record Office. Fourth Edition, revised. Maps 
and Woodcuts. 5s. ; cloth boards, 6s. 

5. Greece, Outlines of the History of; in connection with the 

Rise of the Arts and Civilization in Europe. By W. Douglas Hamiltow. 
of University College, London, and Edward Lbvibn, MJl., of Balii« 
College, Oxford, as. 6d. ; cloth boards, 3s. 6d. 

7. Rome, Outlines of the History of: from the Earliest Period 

to the Christian Era «nd the Commencement of the Decline of the Empir^. 
By Edward Lbvibn, of Balliol College, Oxford. Map, as. 6d. ; cl. bds. 3s. od. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German 
War. The Continuation by W. D. Hamilton, F.SA., of Her Majesty s 
Record Office. 38. ; cloth boards, 3s. 6d. 

50. Dates and Kvents in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Rand, w* 
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ENGLISH LANGUAGE AND MISCEL- 
LANEOUS. 

11. Grammar of the English Tongue, Spoken and Written. 

IVith an-Introdnction to the Study of Comparative Philology. By Hydb 
Clarkb, D.CL. Third Edition, xs. 

II*. Philology : Handbook of the Comparative Philology of English, 
Antrlo-Saxon. Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutch 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, and* 
Portuguese Tongues. By Hydb Clarke, D.C.L. zs. 

12. Dictionary of the English Language, as Spoken and 

Written. Containing above 100,000 Words. By Hydb Clarkb, D.C.L. 
3s. 6d. ; cloth boards, 4s. 6d. ; complete with the Gkammar, cloth bds., 5s. 6d.. 

48. Composition and Punctuation, familiarly Explained for 

those who have neglected the Study of Grammar. By Justin Brbnan» 
z6th £dition. is. 

49. Derivative Spelling-Book: Griving the Origin of Every Word 

from the Greek, Latin, Saxon, German, Teutonic, Dutch, French, Sjumish,. 
and other Languages ; with their present Acceptation and Pronunciation. 
By J. RowBOTHAM, F.R A.S. Improved Edition, xs. 6d. 

51. The Art of Extempore Speaking : Hints for the Pulpit, thfr 

Senate, and the Bar. By M. Bautain, Vicar-General and Professor at the 
Sorbonne. Translated firom the French. Sixth Edition, carefially corrected. 
2s. 6d. 

52. Minixig and Quarrying, with the Sciences connected there- 

with. First Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to- 
the Miners' Association of Cornwall and Devon, xs. 

53. Places and Facts in Political and Physical Geography,. 

for Candidates in Public and Private Examinations. By the Rev. Edgar 
Rand, B.A. xs. 

54. Analytical Chemistry, Qualitative and Quantitative, a Course 

of. To which is prefixed, a Brief Treatise upon Modem Chemical Nomencla • 
ture and Notation. By Wm. W. Pink, Practical Chemist, &c., and Gborgb 
£. Webster, Lecturer on Metallurgy and the Applied Sciences, Notting- 
ham, ss. 

THE SCHOOL kANAGERS' SERIES OF READING 

BOOKS, 

Adapted to the Reauirements of the New Code. Edited by the Rev. A. R. Grant, 
Rector of Hitcham, and Honorary Canon of Ely ; formerly H.M. Inspector 
of Schools. 

Introductory Primer, 31/. 

s, d,. 
Fourth Standard . , z s 

Fifth ,,.... 1 6 

Sixth „ . . . . z 6 

Lessons from the Bible. Part I. Old Testament. x%. 
Lessons from the Bible. Part II. New Testament, to which is added 
The Geography of the Bible, for very young Children. By Rev. C. 
Thornton FoRSTBR. is. 2d. %* Or theTwo Farts in One Volume, ss.. 



First Standard . .06 
' Second „ . . o zo 

I Third „ . . z o 



FRENCH. 

24. French Grammar. With Complete &nd Concise Rules on the 
Genders of French Nouns. By G. L. Strauss, Ph.D. zs. 

35. French-English Dictionary. Comprising a large number of 

New Terms used in Engineering, Mming, on Railways, Sec. By AlfrbD" 
Elwes. zs. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
35,26. French Dictionary (as above). Complete, in One Vol., 3s. ;» 
doth boards, 3s. 6d. %* Or with the Grammar, cloth boards, 4s. 6d. 
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French, cotUinued, 

47. French and English Phrase Book : containing Intro- 
ductory Lessons, with Translations, for the convenience of Students ; seven! 
Vocabularies of Words, a Collection of suitable Phrases, and Easy Familiar 



Dialogues, xs. 



GERMAN. 

39. German Grammar. Adapted for English Students, from 

Hesrse's Theoretical and Practical Grraramar, by Dr. G. L. Strauss, is. 

40. German Reader : A Series of Extracts, carefully culled from the 

most approved Authors of Grermany ; with Notes, Philological and Ex- 
planatory. By G.' L. Strauss, Ph.D. zs. 

41. German Triglot Dictionary. By Nicholas Esteehazt» 

S. A. Hamilton. Parti. Engltsh-German-i^rench. zs. 

42. German Triglot Dictionary. Part IL German-French- 

English, zs. 

43. German Triglot Dictionary. Part III. French-German- 

English, zs. 

41-43. German Triglot Dictionary (as above), in One Vol., 3s, ; 
cloth boards, 4s. *«* Or with the German Grammar, cloth boards, 5s. 



ITALIAN- 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwbs. zs. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwbs. 
. Vol. z. Italian-English-French. 2S. 

30. Italian Triglot Dictionary. By A. Elwes. Vol. ,2. 

English-French-Italian. 2S. 

32. Italian Triglot Dictionary. By Alfred Elwes. VoL 3. 

French>ltalian>£nglisb. as. 

28,30, Italian Triglot Dictionary (as above). In One VoL, 6s. 
32. cloth boards, 7s. 6d. %* Or with the Italian Grammar, cloth bds., 8s. 6d, 



SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. zs. 6d. 

35. Spanish-English and English-Spanish Dictionary- 

including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwbs. 
4s. ; cloth boards, 5s. *«* Or with the Grammar, cloth boards, 6s. 

55. Portuguese Grammar, in a Simple and Practical Form. 

With a Course of Exercises. By Alfred Elwbs, Author of " A Spanish 
Grammar," &c. zs. 6d. \Jusi published. 



HEBREW. 
46*. Hebrew Grammar By Dr. Bresslau. is. 6d. 
44. Hebrew and English Dictionary, Biblical and Rabbinical ; 

containing the Hebrew and Chaldee Roots of the Old Testament Post- 
Rabbinical Writings. By Dr. Brbsslau. 6s. %• Or with the Grammar, 7». 

46. English and Hebrew Dictionary. By Dr. Bresslau. 3s. 
44,46. Hebrew Dictionary (as above), in Two Vols., complete, wkh 

46*. the Gram&iar. cloth boards, X2s. 
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.LATIN*. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of the Greenwich Proprietary School, xs. 

20. Latin-English Dictionary, Compiled from the best Autho- 

rities. By the Rev. Thomas Goodwin, M.A. ^s. 

22. English- Latin Dictionary; together with an Appendix of 

French and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. xs. 6d. 

20,22. Latin Dictionary (as aboTe). Complete in One Vol., 3s. 6d. ; 
cloth boards, 4s. 6d. \* Or with the Grammar, cloth boards, 5s. 6d. 

LATIN CLASSICS. With Explanatory Notes in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by Henry Young, 
lately Second Master of the Royal Grammar School, Gaildiord. xs. 

2. CadSaris Commentarii de Bello Gallico. Notes, and a Geographical 

Register for the Use of .Schools, by H. Young. 2s. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes Explanatory and Critical, by the Rev. 
James Davibs, M.A. xs. 

14. Ciceronis Cato Major, Lselius, Brutus, sive de Senectute, de Ami- 
citia, de Claris Oratoribus Dialog!. With Notes by W. Brownriog Smith, 
M.A., F.R.G.S. 28. 

3. Cornelius Nepos. With Notes. Intended for the Use of 

Schools. By H. Young, xs. 

6. Horace; Odes, Epode, and Carmen Saeculare. Notes by H. 

Young, xs. 6d. 

7. Horace; Satires, Epistles, and ArsPoetica. Notes by W. Brown- 

rigo Smith, M.A., F Jl.G.S. xs. 6d. 

21. Juvenalis Satirae. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A., Lecturer on Logic at King's College, London, xs. 6d. 

16. Livy : History of Rome. Notes by H. YouNO and W. B. Smith, 

M.A. Part x. Books i., ii., xs. 6d. 
i6'. — — Part 2. Books iii., iv., v., xs. 6d. 

17. Part 3 Books xxi., xzii., xs. 6d. 

8. Sallustii Crispi Catalina et Bellum Jugurthinum. Notes Critical 

and Explanatory, by W. M. Donnb, BJl., Xrinity College, Cambridge, 
xs. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. Jambs Davirs, M.A. 2s. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. Jambs Da vies, M.A. xs. 6d. 

11. Terentii Eunuchus, Comoedia. Edited, with Notes, by the Rev. 

Jambs . Davibs, M.A. xs. 6d. Or the Adelphi, Andria, and Eunuchus, 
3 vols, in X, cloth boards, 6«. 

4. Virgilil Maronis Bucolica et Georgica. With Notes on the Buco- 

lics hy W. RusHTON, M.A., and on the Georgics by H. Young, xs. 6d. 

5. Virgilii Maronis JEneis. Notes, Critical and Explanatory, by H. 
Young, ss. 

19. Latin Verse Selections, from CatuUus, Tibnllus, Propcrtius, 

and Ovid. Notes by W. B. Donne, MA., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca, Quintilian, Floras, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apmei'us, &c. Notes by W. B. Donne, M.A. as. 

Oiher Volumes are in Preparation. 
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GREEI^ ^ 
•14. Greek Grammar, in accordance intE the Principles and PUIo- 

lofical Roearcbes of the most emiaait Scholan of our owaMar. Br Hams 
Claudi Hamiltoit. is. 6(L 

15,17. Greek Lexicon. CafttatQJKg all the Words in General Use, wiUi 

tbeir Significations, Inflectiont. and X>pu?t(ul Qoantitiek By Hknrt R. 
Haiiilton. Vol. t. Srprk.Engltsl^ <s.f Vol. », EngKsh-Greek, 2s. Or the 
Two Vols, in One, 4s. : cloth boaxds, Sf . 

14,15. Greek Lexicon (as above). Copiplete, with the GiAiocAX, in- 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. Witfi Explanatoiy Notes in English. 
I. Gre^k Delectus. Containing Extracts from Classical Authors, 

with Genealofical Vocabularies and Explanatory Notes, by H. Yoong. New- 
Edition, with an improved and enlarged Supplementary lEpcabnlaiy, by Johh 
•Hutchison, M.A., of the High School, Glasgow, xs. 

2,0, ^schylus : Prometheus Vinctus f The Prometheus Bound. From 

the Teat of Dimdorv. Edited, with English Notes, Critical mad Ezpfawatoryr 
by the Rev. Jambs Davibs, MA. xs. 

3a. .^schylus : Septem Contra Thebes : The Seven against Thebes. 
From the Teat of Dindorp. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. Jambs Davibs, M.A. xs. 

4a Aristophanes ; Achamians. Qiiefly from the Text of C. H. 
Wbisb. With Notes, by C.S.T.Town8iiv«d,M.A. xs.6d. 

26. Euripides i Alcestis. Chiefly from the Text of Dindoef. With 
Notes, Critical and Explanatory, by John Miucbh, B.A. xs. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
DOKF. With Notes, Critical and Es^lanatory, by W. Beowmrigg Smith, 
M.A., F.R.G.S. xs.6d. 

4-17. Herodotus, The History of, chiefly after the Text of Gaisford. 

With Preliminanr Observations and Appendices^ and Notes, Critical and 
Explanatory, by T. H. L. Lbart. M.A., D.C.L. 

Part x. Books i., ii. (The Clio and Entene), as. 

Part 2. Books iii., iv. (The Thalia and Melpomene), as. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), as. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, xs. 6d. 

5-12. Homer, The Works of. According to the Text of Barumlein. 
With Notes, Critical and Explanatory^ drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Lbary, M.A., D.C.L. 

Thb Iuad : Part x. Books i. to vi.^ xs.6d. I Part 3. Books xiii. to xviii., xs. 6d. 
Parts. Books vii. to xii.,^s.6d. | Part 4. Books xix. to zxiv., xs. 6d. 

Thb Odtssbt: Part x. Books i. to vi.^ xs. 6d. Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Books ^ii. to ui., xs. 6d. Part 4. Books xix. to xxiv., and 

Hymns, 2S. 

4. Luclan's Select Dialogues. The Text carefully revised, with 

Grammatical and Explanatory Notes, by H. Yoong. xs. 
13. Plato's Dialogues : The Apology of Socrates, the Crito, and 
the Phaedo. From the Text of C. F. Hbrmann. Edited with Notes, Critical 
and Explanatory, by the Rev. Jambs Davibs, M.A. 2s. 

18. Sophocles: GEdipusTyrannus. Notes by H. Young, is. 

' 20. Sophocles: Antigone. From the Text of Dindorf. Notes, 
Critical and Explanatory, by the Rev. Tohm Milnbr, B.A. as. 
»4i. Thucydldes: History of the Peloponnesian War. Notes by H. 

Young. Bookx. is. ,™ ^ .*.,.«,«« ^ 

3,3. Xenophon's Anabasis; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Youno. Part x. Books i. to iii., 
xs. Part a. Books iv. to vii., xs. i.t . ' j t ^ 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

<^ction by Ll. F. W. Jewitt. xs. 6d. 

''^ Of/t€r Volumes are in Preparation. . 
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